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SECTION 1
PREFACE

1.1 Introduction

This document, the Environmental Investigations Standard Operating Procedures and Quality
Assurance Manual, contains the standard operating and field quality assurance procedures used by Region
4 field investigators. The manual originated in 1980 with the title Engineering Support Branch Standard
Operating Procedures and Quality Assurance Manual , wasrevisedin 1986 withthesametitle. It wasrevised
againin 1991 with thetitle, Environmental Compliance Branch Standard Operating Procedures and Quality
Assurance Manual. 1n 1996, it was revised with the present title. The specific procedures outlined in the
manual are based on the experiences of Region 4 field investigators or documents referenced at the end of
each section.

This manual will be provided to each Region 4 employee responsible for conducting field
investigations for activities contained in these Standard Operating Procedures (SOP). Each employeeis
expected to read and be familiar with each section of the SOP. Thisisintended to be a dynamic document
and will be revised periodically as needed. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.

12 Performance Objectives

Performance objectives have been included at the beginning of sections and sub-sections where
applicable. The performance objective lists the minimum requirements necessary for meeting the intent of
the procedures that follow in the section. The purpose of the performance objectiveisto allow flexibility
within field procedures where appropriate; however any deviations from the proceduresin the SOP should
be approved by the appropriate authority and thoroughly documented.

13 Section Objectives

Section objectives are included at the beginning of sections where performance objectives are not
applicable. Section objectives provide a brief summary of the intention and content of the section.
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SECTION 2
INVESTIGATIONS, INSPECTIONS, AND OVERVIEW ACTIVITIES

SECTION OBJECTIVES:
»  Define the standard types of investigations, inspections, and field studies conducted.

*  Qutline the general requirements for study plans and reports for standard types of
investigations, inspections and field studies.

» List available agency guidance and special requirements for the standard types of
investigations, inspections, and field studies.

2.1 Introduction

The investigations, inspections, and overview activities conducted can be broadly categorized as
either enforcement or non-enforcement related.

Enforcement rel ated activitiesinclude criminal investigations, Resource Conservation and Recovery
Act (RCRA) case development inspections, RCRA comprehensive ground water monitoring evaluations,
water enforcement case preparation studies, National Pollutant Discharge Elimination System (NPDES)
compliance monitoring, diagnostic evaluations of municipal wastewater treatment plants, investigations of
Superfund hazardous waste sites, contractor overviews, investigations and monitoring of oil spills and
Superfund spills, and investigations of toxic episodes and spills.

Non-enforcement activitiesinclude investigations of potential Superfund hazardous waste sitesfor
National Priority Listing (NPL) purposes, technical assistance studies at municipal wastewater treatment
plants, studiesinvolvingwater quality and permittingissues, studiesand inspectionsof abandoned hazardous
waste sites, air quality studies, and a broad range of studies for national programs, as well as technical
assistance studiesfor stateandlocal agencies. However, studiesand dataderived from non-enforcement type
investigations could beused for enforcement purposes. Fieldinvestigationsincludeall environmental media
(i.e., surface and ground water, air, soils, sediments) and wastes.
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22 Potable Water Supply Investigations

Potable water supply investigations are usually conducted as part of alarger investigation such as
aspill, leaking tanks, nearby superfund site, etc. However, aninvestigation may be conducted independently
of apotential contamination source.

Potable water supply investigations may include collecting samples from wells, surface waters,
distribution systems, private residential wells, etc.

Specia procedures apply when asampleis collected from a private or public potable water supply.
Investigators should always obtain the following information from the residents and/or ownersin the event
contaminants are detected in the sample:

« resident's and/or owner's name;
* resident's and/or owner's mailing address; and
« resident's and/or owner's home and work telephone numbers.

Immediately upon receipt of analytical data, the project leader should carefully examine the data.
Web sites listed at the bottom of this section may be useful in an evaluation. If any of the primary or
secondary drinking water standards are exceeded, or any priority pollutants, RCRA 40 CFR 261 Appendix
VIl compounds, or the CERCLA 40 CFR 302 list of hazardous substances are detected, the project |eader
will immediately provide the information listed below to the appropriate individuals in the Water
Management Division or Waste Management Division. The Water Management Division primary contact
is Lee Thomas in the Water Programs Enforcement Branch; the secondary contact is Carol Tarras. The
Waste Management Division primary contact is Glenn Adams in the Office of Technical Services; the
secondary contact is Kevin Koporec.

the analytical data;

the name, address (including zip code) and telephone numbers of the residents and/or owners;
the site name and location; and

the EPA site identification number (if applicable).

Investigators should not rel ease potable water supply datato anyone before providing it to the Water
Management Division.

Web sites that may be useful:

For the current MCL s and SMCL S with potential health effects and sources:
http://www.epa.gov/OGWDW/wot/appa.html

For asummary of drinking water health advisories:
http://www.epa.gov/ost/drinking/standards/

Region 4 Office of Technical Services  http://www.epa.gov/regiond/wastepgs/oftecser/oftecser.htm

Region 3 Risk Assessment tables http://www.epa.gov/reg3hwmd/risk/riskmenu.htm
Region 9 Risk Assessment tables http://www.epa.gov/region09/waste/sfund/prg/index.html
NCEA (ORD-Cinn.) web page http://www.epa.gov/ncea/biblio.htm

Oak Ridge National Laboratory risk http://risk.Isd.ornl.gov/homepage/rap_tool .htm
assessment page

EPA's Intergrated Risk Information http://www.epa.gov/ngispgm3/iris/

System (ref. doses and slope factors):
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23 Civil Enforcement Investigations and Studies
2.3.1 Introduction

This SOP coversthe field and operational aspects of conducting field investigations; however, itis
beyond the scope of this manual to cover all aspects of enforcement activities. Each enforcement
investigation must betailored to meet the needs of the anticipated enforcement action. Thelead attorney and
compliance specialists should be consulted on acontinuing basi sduring the planning, conducting, and report
writing phases of enforcement investigations.

Civil investigations are conducted for the Water and Waste Management Divisions and the Air,
Pesticides, and Toxics Management Division to determineif afacility, site, or project is meeting the terms
of a Consent Decree, order, water permit, etc. These investigations are conducted under a number of
environmental laws which include:

. The Clean Water Act (CWA, PL 92-500)

. The Resource Conservation and Recovery Act (RCRA, PL 94-580)

. The Hazardous and Solid Waste Amendments (HSWA) of 1984

. TheComprehensive Environmental Response, Compensation, and Liability Act (Superfund)
. The Superfund Amendments and Re-authorization Act (SARA) of 1986

. The Clean Air Act (CAA 42 U. S.C. 1857 - 1857L, as amended)

. The Toxic Substances Control Act (TSCA, PL 94-469)

2.3.2 Facility Entry

Authority -- Variousfederal environmental statutesgrant EPA enforcement personnel authority to enter and
inspect facilities. The authority granted in each statute is similar to that stated below in Section 308 of the
Clean Water Act:

. "(a)(B) the Administrator or his authorized representative, upon presentation of his
credentials (i) shall have aright of entry to, upon, or through any premises in which an
effluent source islocated or in which any records required to be maintained. . .are located,
and

. (ii) may at reasonabl e times have access to and copy any records, inspect any monitoring
equipment or method required. . . , and sample any effluents which the owner or operator
of such source isrequired to sample. . ."

For the specific requirementsfor conducting inspections and coll ecting data pursuant to aparticul ar
Act, see:  Section 308 of the Clean Water Act; Section 9 of the Federa Insecticide, Fungicide, and
Rodenticide Act; Section 3007 of the Resource Conservation and Recovery Act; Section 8 of the Toxic
Substances Control Act; Section 1445 of the Safe Drinking Water Act; Section 104 of the Comprehensive
Environmental Response, Compensation, and Liability Act (Superfund); and Titlesl, I, and IV of the Clean
Air Act.
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2.3.3 Unreasonable Search and Seizure

EPA authority under the various Actsis subject to the " unreasonabl e search and seizure" provisions
of the Fourth Amendment to the Constitution. The prohibition isnot against al searches and seizures, but
only those which are unreasonable or which valid consent, if required, has not been given. Consent, inthis
context, means the intentional foregoing of right to privacy which is not the result of either fear, ignorance,

or trickery.

To comply with the Acts and avoid any "unreasonable search" or procedural problems, a facility
should be entered in the following manner:

1

The facility premises should be entered through the main gate or through the entrance
designated by the source if in response to an inspection notification letter (a 308 letter for
example).

The employee shall introduce herself/himself in a dignified, courteous manner to a
responsible plant official. A responsible plant official may be the owner, operator, officer,
or agent in charge of thefacility, including the plant environmental engineer. Identification
credentials shall always be presented.

If only a guard is present at the entrance, employees shall present their credentials and
suggest that the guard call their superior on the telephone. If the field investigators know
the name of the responsible official they are to see, they should request the guard call this
individual directly.

If the company provides a general sign-in sheet, it is acceptable to sign it. Field
investigators shall not sign arelease of liability (waiver) when entering afacility under the
authority of Federal law.

If entry is refused, field investigators shall not contest the issue with the facility
representative, but will immediately do the following:

. Obtain the name and position of the individual denying entry to the facility, and
record the date and time.

. Cite the appropriate EPA authority to conduct the inspection, ask if the individual
denying entry heard and understood the reason for your presence and record the
answer and any reasons given for denia of entry.

. Leave the premises immediately.

After leaving the facility, the field investigators shall, at the earliest possible time, inform their
immediate supervisor and the Office of Regional Counsel, by telephone of the events which took place and
seek guidance on how to proceed.

EISOPQAM
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2.34 Requesting Information

Thevarious laws and statutes under which EPA operates addressthe protection of trade secretsand
confidential information. Asageneral policy, field investigators should not accept confidential information
unlessit is necessary for carrying out Agency functions under a particular Act. As a matter of practice,
requestsfor confidential information can only be signed by an Agency empl oyeewho hashad the appropriate
Confidential Business Information (CBI) training and certification.

In compliancewith EPA regulations, an EPA request for company information, pursuant to statutory
authority, will contain a statement allowing the facility to designate al or part of the information requested
by the Agency as confidential by marking it according to: Code of Federal Regulations, Title 40, Part 2,
Section 203.41; or Federa Register, 41 FR 36902. In addition to citing the appropriate regulations, the
request for confidential information will state that:

1. The company may, if it desires, assert a business confidentiality claim covering part or al
of the information in the manner described by [the applicable regulation], and that
information covered by such a claim will be disclosed by EPA only to the extent, and by
means of the procedures, set forth in [the applicable regulations]; and that

2. If no such claim accompanies the information when it isreceived by EPA, it may be made
available to the public by EPA without further notice to the company.

If the collection of confidential informationisrequired to carry out the responsibility of the Branch,
personnel should consult carefully with the appropriate operating Division staff and the Office of Regional
Counsel attorneys. Ingeneral, when suchinformationisneeded by Branch personnel, therequest should state
that thisinformation will be transmitted directly to the Office of Regional Counsel.

In general, Branch personnel shall not accept confidential information when conducting a plant
evaluation, inspection, or reconnaissance. When Branch personnel must collect or observe confidential
information, a separate logbook shall be maintained. When confidential information is entered into an
inspector's logbook, the entire logbook and each page containing confidential information shall be marked
"CONFIDENTIALITY CLAIM." Upon returning to the EPA Region 4, facility, all such information shall
be maintained in a locked filing cabinet and the Office of Regional Counsel shall be notified for ultimate
disposition of the material.

All fieldinvestigatorsconducting investigationsor inspectionsshoul d befamiliar with theinspection
provisionsof theseacts, i.e., CWA (Section 308), RCRA (Section 3007), CERCLA (Section 104), and TSCA
(Section 11).

2.3.5 Photographs

At no time should field investigators be denied the opportunity to take photographs during an
investigation. If photographs are denied and no other means can be arranged to get the photographs, thisis
considered adenial of accessby thefacility. At somefacilitiesthe processoperationsand/or equipment may
be claimed asbeing proprietary. Inthese cases, thefacility may make aCBI request to the Office of Regional
Council (ORC). Generdly, providing the facility with a duplicate copy of uncut prints for their review is
acceptableto both parties. If thisisunacceptabletothefacility, theinvestigator may allow thefacility totake
the photographs, review them, and provide copiesto EPA.
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2.3.6 Split Samples

Theinspection provisions of RCRA (Section 3007) and CERCLA (Section 104) requirethat, "If the
officer or employee abtains any samples, prior to leaving the premises, he shall giveto the owner, operator,
or agent in charge a receipt describing the samples obtained and if requested a portion of each such sample
equal involumeor weight to the portion retained.” Asamatter of policy, an offer will be madeto the owner,
operator, or agent in charge to split all samples collected on facility property.

24 Criminal Investigations and Studies

At the request of the Criminal Investigations Division (CID) and with the concurrence of the
Regional Administrator/Deputy Regional Administrator, technical support for crimina investigations is
provided. Only experienced personnel with adequate training (such as on-site supervision by senior
investigatorsor the Criminal Investigations Courseoffered by the Federal Law Enforcement Training Center)
should be project leaders during such investigations. Technical support shall be provided at the request of
the CID Specia Agent-in-Charge of the investigation in accordance with Appendix F of this SOP.
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25 Clean Water Act Compliance Monitoring Inspections
251 Introduction

The term "compliance monitoring" covers al activities undertaken to ascertain a permitee's or
discharger's compliance status. Thisincludes, but is not limited to, Clean Water Act (CWA) compliance
monitoring inspectionsand compliancereview, e.g., the review of Discharge Monitoring Reports (DMR) or
compliance schedule reports. The main functionsof CWA compliance monitoring inspections areto verify
the integrity of the self-monitoring information and to develop the basis for possible follow-up compliance
or enforcement actions. All compliance monitoringinspectionsshall be conducted asthough an enforcement
actionwould result. General guidance for conducting compliance monitoring inspectionsisfoundintheUS
EPA, NPDES Compliancelnspection Manual (1). Compliance monitoring inspectionsare usually requested
by the Clean Water Act Enforcement Section, Water Programs Enforcement Branch, Water Management
Division.

A number of different types of compliance monitoring inspections have been defined including:
complianceeval uationinspections(CEl), compliance samplinginspections(CSl), toxic compliance sampling
inspections (XSI), compliance biomonitoring inspections (CBI), performance audit inspections (PAl),
diagnostic evaluations (DE), reconnaissance inspections (RI), pretreatment compliance inspections (PCl),
dudgeinspections(Sl), legal supportinspections (L SI), and Municipa Wastewater Treatment Plant technical
assistance (TA) studies.

Activities associated with a visit to any facility for a compliance inspection shall not be double
counted. Thus, asingle visit cannot be counted as both a CSl and a CEl; it must be reported as one or the
other. However, asinglevisit that encompasses separate activities(e.g., aPAI or legal support investigation)
will be reported and counted as two separate activities. A compliance monitoring inspection (all types) is
not considered completeuntil theappropriate portionsof the Compliancelnspection Report Form (EPA Form
3560-3) have been compl eted and theinformation fromthe coding section entered into the permit compliance
system (PCS).

Inspection Notification

Generdly, CSIs and CEls are conducted unannounced unless there is a reason to conduct the
inspection on an announced basis. Routine PAl's and DE's are typically announced inspections due to the
complexity of the logisticsinvolved in these types of investigations.

25.2 CWA Inspection Types

Compliance Evaluation Inspection (CEI)

The CEIl is a nonsampling inspection designed to verify permittee compliance with
applicable permit self-monitoring requirements, effluent limits, and compliance schedules. Thisinspection
involves records reviews, visual observations, and evaluations of the treatment facilities, laboratories,
effluents, receiving water, etc. The CEI examines both chemical and biological self-monitoring and forms
the basisfor all other inspection types except the Reconnai ssance Inspection. Guidancefor conducting CEls
isgivenin the NPDES Compliance Evaluation Inspection Manual (2).
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Compliance Sampling Inspections (CSl)

CSl's are conducted where representative sample(s) of a permittee's influent and/or effluent are
collected and analyzed 1) to verify the accuracy of the permittee's discharge monitoring reports, 2) to
determine the quantity and quality of the effluent, 3) to develop permits, and/or 4) where appropriate, as
evidence for enforcement proceedings. This activity also includesthe same objectiveslisted for CEl's, and
whereappropriate, may serveto gather detailed information for the possibleinstitution of legal action against
the permittee. Guidance for conducting CSl's is given in the NPDES Compliance Sampling Inspection
Manual (3).

Toxic Sampling Inspections (XSI)

The XSl has the same abjectives as a conventional CSl. However, it placesincreased emphasison
toxic substancesregulated by theNPDES permit. The XSl coverspriority pollutantsother than heavy metals,
phenols, and cyanide, which are typically included in a CSl (if regulated by the NPDES permit). An XSl
uses more resources than a CSl because highly sophisticated techniques are required to sample and analyze
toxic pollutants. An XSI may also evaluate raw materials, process operations, and treatment facilities to
identify toxic substances requiring controls.

Compliance Biomonitoring Inspection (CBI)

A CBI isan inspection utilizing a static or flow-through bioassay, in lieu of, or in addition to, the
collection of samples. The objectives of this inspection are to:

. Identify those permittees which may be meeting the minimum technology based
requirements of the CWA, but whose level of treatment is not sufficient to ensure the
biological integrity of the receiving waters;

. Identify those permittees which may have potential toxic substances in their discharge(s)
that have not been identified or included in their NPDES permit; and
. Evaluate compliance with acute or chronic toxicity permit limit requirements.

Inthoseinstances where biomonitoring reveal sthe presence of toxic substances not addressed inthe
issued permit, the permittee may be required through the 308 process to chemically and/or physically
characterize the composition of the discharge to identify and quantify the toxic substance or substances
(CWA Section 308). Guidancefor conducting theseinspectionsisgiveninthe Compliance Bio-Monitoring
Inspection Manual (4).

Performance Audit Inspection (PAI)

ThePAl isused to evaluate the permittee's self-monitoring program. Aswith aCEl, the PAl isused
to verify the permittee's reported data and compliance through arecords check. However, the PAI provides
amore resource-intensive review of the permittee's self-monitoring program and eval uates the permittee's
proceduresfor samplecollection, flow measurement, chai n-of -custody, | aboratory anal yses, datacompilation,
reporting, and other areas related to the self-monitoring program. During a CEl, the inspector makes a
cursory visual observation of thetreatment facility, |aboratory, effluents, and receivingwaters. DuringaPAl,
theinspector actually observesthe permittee performing the self-monitoring processfrom sample collection
and flow measurement through laboratory analyses, dataworkup, and reporting. The PAI does not include
the collection of samples by the inspector. However, the inspector may require the permittee to analyze
performance samples for laboratory evaluation purposes.
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Diagnostic Evaluations (DE)

The DE is a detailed performance evaluation that focuses primarily on municipal Publicly Owned
Treatment Works (POTWSs) which are not in compliance with permit requirements. The DE isdesigned to
evaluate the POTW's design, operations, and influent/effluent wastewater characteristics and to provide a
comprehensive evaluation of the reasons why the facility is not meeting permit limits. The fina product
consists of aformal report with data, datainterpretation, and recommendations suitable for use in technical
assistance, negotiations, and enforcement actions.

Reconnaissance Inspection (RI)

TheRI isusedto obtain apreliminary overview of apermittee's compliance program. Theinspector
performs a brief visual inspection of the permittee's treatment facility, effluent, and receiving waters. The
RI isintended to obtain a broad coverage of permittees of unknown status with a minimum amount of
resources.

Pretreatment Compliance Inspection (PCl)

The PCI evaluates the POTWs implementation of its approved pretreatment program. It includes
areview of the POTWsrecordson monitoring, inspections, and enforcement activitiesfor itsindustrial users.
The PCI is usually conducted concurrently with another NPDES inspection of the POTW.

Sludge Inspection (SI)

The Sl is primarily conducted at POTWs. Waste sludge generation and disposal practices are
evaluated under the 40 CFR 503 regulations. The Sl includes a review of the sludge monitoring records,
sludge handling facilities, and sludge disposal practices.

Legal Support Inspection (LSI)

The LSl isaninspection conducted to satisfy a specific enforcement related problem. An example
of this type of inspection may be an enforcement request to inspect a permitteeto seeif it is appropriate to
terminate a specific enforcement order or arequest to gather data to support a planned action.

253 Study Plans
Routine NPDES inspections (e.g., PAls, CSls, etc.) do not require a written study plan. Detailed
investigations, such as diagnostic evaluations, water quality studies, and other large scale technical
evaluations require awritten study plan which should include the following minimal information:
. Introduction -- The name and location of the project, study dates, requestor, reason for
request (e.g., NPDES compliance problems), project leader, and a list of EPA and other
appropriate study contacts and telephone numbers.

. Study Objectives -- A detailed description of the primary objectives of the project.

. Sampling Schedule -- A detailed table showing all projected sampling stations, sampling
parameters, and the total number of samples to be analyzed.

The study plan may include more detailed information depending on the nature and complexity of
the project. Copies of the study plan should be provided to Clean Water Act Section staff.
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2.5.4 NPDES Compliance Inspection Reports

The results of all compliance inspections shall be reported utilizing the NPDES Compliance
Inspection Report Form (EPA Form 3560-3). The completed form, formal narrative report, and transmittal
memorandum constitute acomplianceinspection report for all routine complianceinspections conducted by
Branch personnel.

Thecompleted inspection reports areforwarded to appropriate partiesfor action and follow-up. The
state and regional program office are kept fully informed via copies of all correspondence. In cases where
EPA isinvolved in litigation with a permittee, no reports will be sent to the permittee without permission
fromlegal counsdl.

Completion of NPDES Compliance Inspection Report Form (EPA Form 3560-3)

Genera instructions for completing EPA Form 3560-3 are printed on the back of the form.

The forms shall be signed by the investigator and dated on the day that the form is completed (not
the inspection date). The name of the state inspector should be included for joint inspections. All routine
compliance inspections forms shall be reviewed by the supervisor, who will sign and date the 3560-3 form
in the "Reviewed By" section.
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2.6 Superfund Investigations, Technical Assistance, and Overview Activities
2.6.1 Introduction

Superfund field activities include remedial investigations and feasibility studies (RI/FS), field
investigations of potentially or known contaminated areas (FI), technical assistance (TA), and on-site
overviews(OV) of Superfund contractor, potentially responsible party (PRP) contractor, and state personnel.
2.6.2  Superfund Investigation Types

Remedial Investigations/Feasibility Studies (RI/ES)

Remedial investigations are conducted to determine the nature and extent of contamination at
specific Superfund sites. Investigations may include installation of temporary or permanent monitoring
wells, geophysical exploration, surface and subsurface soil sampling, off-site environmental sampling, etc.
Feasibility studies may be conducted concurrently with an RI to develop and evaluate potential remedial
action alternatives. The Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA (5) isuseful for planning RI/FS investigations.

Field Investigations (FI)

These include all field investigations, other than RIs, of potentially or known contaminated areas,
and they support all phases of the Superfund program. Theseinvestigationsmay include sampling of ground
water, surface and subsurface soils, rivers, lakes, etc., and/or may entail geophysical studies, global
positioning system (GPS) activities, etc.

Overviews (QV)

Activities include on-site overview of the field work of EPA Superfund field contractors, PRP
contractors, and State Superfund contractors. Overviews are conducted to evaluate the contractors
capabilities and to correct deficiencies in performing Superfund field investigations. The Region 4,
Hazardous Waste Field Overview Checklist (Exhibit 2.1) is completed during the overview, and a written
report presenting the overview findingsis completed and transmitted to the appropriate official inthe Waste
Management Division.

Technical Assistance (TA)

Activities range from directing field investigations with non-Agency field support to responding to
telephone questions concerning all aspects of Superfund field investigations. In addition, field personnel
provideavariety of training and technical assistance activitiesfor Regional, State, and other Federal agency
personnel in methods of conducting field operations at hazardous waste sites.

2.6.3 Planning for Field Investigative Support
Periodic meetingsaretypically held between arepresentative(s) of the Superfund Staff and the Waste
Management Division staff to discuss proposed initiatives and specific investigation needs. These meetings

are usually conducted in October for yearly planning, and more frequently for quarterly planning.

Based on the priorities agreed upon by the Superfund Staff, and the Waste Management Division,
field investigation schedules are prepared by the Superfund Staff and updated as needed.
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2.6.4 Requestsfor Superfund Studies

Superfund investigations are prioritized by the Waste Management Division based on the need for
field investigative support. Specific investigations are usually requested by project managers of the various
Superfund programs, however, they may berequested by state agencies, congressional officials, etc. Routine
requests for field investigative support are coordinated with the Superfund Staff leader. Requests are then
brought to the Superfund Staff for scheduling and project leader/staff assignment. Although the initial
contact may be by telephone or electronic mail, a forma request memorandum with a request form is
required prior to commencement of the investigation.

2.6.5 Investigation Study Plans

Study plans are prepared for al Superfund investigations except overviews and some emergency
investigations. Study plansfor typical Superfund field investigations must beissued at |east one week prior
totheinvestigation. Thetimingand nature of some emergency requests may preclude theissuance of astudy
plan.

A copy of the study plan in draft form will be provided to the requestor to insure that the plan will
meet their objectives. As agenera rule, the Data Quality Objective (DQO) process should be consulted
during the study plan preparation phase. The study plan should include, as appropriate:

. Introduction -- The project leader and support staff, requestor from the appropriate
Superfund Branch, and the objective(s) of the investigation.

. Background -- Facility compliance history, manufacturing processes, types of wastes
produced, waste treatment methods, etc.

. Scope -- The study design should be discussed in this section including the number and
location of the samplesto be collected, information which will be obtained, and records to
be reviewed.

. Logistics -- The travel and study dates.

. Methodology -- Analyses to be conducted and who will conduct analyses, field and

laboratory SOP references, and when samples will be received by the laboratory.
If the study is an RI, the following additional information, where appropriate, should be included:

Site background and physical setting
Initial Evaluation

Sampling DQO

Site Management Plan

Quality Assurance Project Plan
Field Sampling and Analyses Plan
Field Health & Safety Plan.
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2.6.6 Investigation Reports
Reports will be completed after each investigation and will contain the following, as appropriate:

. Introduction -- When the investigation was conducted; EPA, state, or other regulatory
agency participation; facility representatives and what their participation included; who
requested the investigation; and the objectives.

. Background -- Study areadescri ptions, manufacturing processand waste handling priorities,
results of previousinvestigations, etc. A site map depicting major structures and facilities,
aswell as sampling locations will be included.

. Summary -- A brief summary of the key results and conclusions of the study.
. Discussion -- All aspects pertinent to the investigation, such as analytical resuilts;

deficiencies; site hydrology; an evaluation of the monitoring well system; a site map
showing monitoring well locations, topography, and ground water flow direction; well
depths; and ground water elevations.

. Methodology -- A statement indicating that this SOP was followed and/or reasons why not
and whether or not samples were split and with whom.

. Conclusions -- At the discretion of the author, a conclusions section for complex
investigations.

. Reference and Appendices -- Laboratory data sheets, checklists, etc.

If thestudy isan RI, thefollowing additional information should al so beincluded whereappropriate:

. Site information, including site description, site history, previous investigation results,
regulatory actions, demography, and surrounding land use.

. Sampling strategy.
. Nature and extent of contamination.
. Contaminant fate and transport.

In emergencies, samples are usually collected quickly and analyzed on afast turn-around basis. In
these cases, Team personnel may provide printed copies of sample datato the requestor as soon aspractical.
Where appropriate, a letter report detailing the field activities associated with the emergency field
investigation will be prepared and transmitted to the requestor.

Internal Peer Review and Report Recipients

All Superfund reports will be reviewed internally. Final copies of the report will be sent to the
requestor. If facility or state personnel request a copy of the report, this will be indicated in the report
transmittal memo. TheRegional Superfund programisresponsiblefor distribution of dataand reportsto site
owners or operators and to the public. All requests for such information should be referred to the proper
program official for action.

EISOPQAM 2-13 November 2001



2.7 RCRA Inspections, Investigations, and Overview Activities
2.7.1 Introduction

RCRA field activitiesinclude comprehensive ground water monitoring evaluations (CME), RCRA
facility assessments (RFAS), case devel opment inspection/eval uations (CDIE) for the RCRA programs and
fieldinvestigationsfor the Criminal InvestigationsDivision (CID), and on-sitefield overviews (OV) of state,
RCRA contractor, and federal facility personnel.
2.7.2 RCRA Investigation Types

Comprehensive Ground Water Monitoring Evaluation (CME)

The CME isan overall review of afacility's compliance with all applicable RCRA requirementsto
determine adequacy of the ground water monitoring system. It includes an on-site examination of records
and other documents and an evaluation of the facility's compliance with applicable RCRA requirements.
Also evaluated isthe effectiveness of the ground water monitoring system and the facility's hydrogeol ogical
conditions. Sampling and analysis of the ground water are usually conducted. Guidance for conducting
CMEsisincluded in the RCRA Ground-Water Monitoring Technical Guidance Document (6).

RCRA Facility Assessment (RFA)

The RFA is an agency lead activity which is the first step in a corrective action program. The
purpose of the RFA isto identify known and/or probable releases of hazardous wastes or other constituents
at solid waste management units (SWMUSs) and at previously unaddressed regulated units. It includes a
"desk-top" review of information submitted by the owner/operator to EPA and State Agencies. The RFA
also consistsof anon-sitevisit, and potential ly asubsequent samplinginvestigation (confirmatory sampling)
to determine whether or not releases of hazardous wastes or constituents have occurred. Guidance for
conducting the RFA isin the RCRA Facility Assessment Guidance,(7).

Case Development I nvestigation/Evaluation (CDIE)

Theseinclude all RCRA field investigations other than CME'sand RFA's, including field sampling
investigations, closure/post closure investigations, environmental investigations, trial burns, delisting
investigations, etc. Thetypeof investigation dictatesthe specific field methodology. The CDIEisconducted
to gather information on the composition/characteristics of wastes and/or an areaimpacted by the operation
of aRCRA facility. The CDIE may also include verification of a sampling and analysis plan, collection of
information on facility design and operation, verification of manifest descriptions, or other unanticipated
needs or requests necessary for case devel opment.

Overviews (QV)

Overviews of state RCRA compliance inspections or RCRA contractor inspections are conducted
to evaluate their capability to conduct RCRA field investigations. The Region 4, Hazardous Waste Field
Overview Checklist (Exhibit 2.1) is completed during the overview, and a written report presenting the
overview findingsis completed and transmitted to the appropriate EPA regional RCRA official.
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2.7.3 Planning for Field Investigative Support

Periodic meetingsaretypically held between representative(s) of SESD and the RCRA Branch staff
to discuss proposed initiatives and specific investigation needs. These meetings are usually conducted in
Octaober for yearly planning, and morefrequently for quarterly planning. Based onthe prioritiesagreed upon,
atentative field investigation schedule is prepared and updated as heeded.

2.74 Reguestsfor RCRA Studies

RCRA investigations are prioritized by the Region 4, RCRA programs based on their need for field
investigative support. Requests for field investigative support are coordinated with the RCRA team
Supervisor or their designee(s). A memorandum with a request form is recommended prior to
commencement of the investigation.
2.7.5 Investigation Study Plans

Study plans are prepared for all RCRA investigations and issued at least one week prior to the
investigation. A copy of the draft study plan should be provided to the RCRA program requestor to insure
that theinvestigation will meet the enforcement or permitting objectives. Asageneral rule, the DataQuality
Objective (DQO) process should be consulted during the study plan preparation phase. The study plan
should include, as appropriate:

» Introduction -- The project leader and support staff, requestor from the RCRA program, and the
objective(s) of the investigation.

» Background -- Facility compliance history, manufacturing processes, types of wastes produced,
waste treatment methods, etc.

»  Scope-- A discussion of the study design including the number and locations of the samplesto
be collected. Information which will be obtained and records to be reviewed.

» Logigtics-- Thetravel, study dates and personnel.

» Methodology -- Analyses to be conducted and who will conduct analyses, field and |aboratory
SOP references, and when samples will be received by the laboratory.

2.7.6 Investigation Reports
Reports will be completed after each investigation and will contain the following, as appropriate:
» Introduction -- When the investigation was conducted; EPA, state, or other regulatory agency
participation; facility representatives and what their participation included; who requested the

investigation; and the objectives.

» Background -- Study area descriptions, manufacturing process and waste handling priorities,
results of previous investigations, etc.

* Summary -- A brief summary of the key results and conclusions of the study.

» Discussion -- All aspects pertinent to the investigation e.g., sampling, figures, photographs,
analytical results, RCRA deficiencies, etc.
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» Methodology -- What information was obtained and from whom, what sampling procedures
were used, what analytical methods were used, etc. A statement indicating that this SOP was
followed and/or reasons for deviations and whether or not samples were split and with whom.

» Conclusions -- At the discretion of the investigator, a conclusions section for complex
investigations.

» Reference and Appendices -- Raw data, checklists, etc.

If the study was a CME, the following information should be included where appropriate:
» A discussion of site hydrology.

» Anevaluation of the monitoring well system.

* Anevaluation of the assessment plan.

» A site map showing monitoring well locations, SWMU's, topography, ground water flow
direction, etc.

e Waéll depth, ground water elevations.
e CME checklist.

Internal Peer Review and Report Recipients

All RCRA plansand reportswill bereviewed internally. Final copiesof the plan/report will be sent
to therequestor. If facility or state personnel request acopy of the report, thiswill beindicated in the report
transmittal memorandum.

2.8 Underground Storage Tank (UST) Investigations
2.8.1 Introduction

USTs were traditionally investigated because of potential, or actual, contamination of the
environment from petroleum products. More recently, UST investigations have been conducted because
tanks contain hazardous substances. UST field investigations are requested by the Water Management
Division, Ground Water/Drinking Water Branch, UST Section and usually involve ground water and/or soil
sampling for UST constituents or related products.

UST investigation objectives may include:

» Determining if there has been arelease to the environment from the UST.

» Determining if potable wells are contaminated with UST constituents.

» Determining if ground water is contaminated with UST constituents.

* Determiningif vicinity soils have been contaminated with UST constituents.

« Determining the direction of the contamination plume and the source of the contamination.
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2.8.2 Investigation Study Plans

Study plansare prepared for all UST investigations and must beissued at |east oneweek prior to the
investigation. Thetiming and nature of some emergency requests may precludetheissuance of astudy plan.

A copy of the study plan in draft form will be provided to the requestor to ensure that the plan will
meet their objectives. Asageneral rule, the DataQuality Objectives(DQO) processwill be consulted during
the study plan preparation phase. The study plan should include, as appropriate:

Introduction — The project leader and support staff, requestor from the UST Section, and the
objective(s) of the investigation.

Background — Facility compliance history, manufacturing processes, types of wastes produced,
waste treatment methods, etc.

Scope— The study design should be discussed in this section including the number and location
of the samplesto be collected, information which will be obtained, and records to be reviewed.

Logistics— The travel and study dates.

M ethodology — Analyses to be conducted and who will conduct analyses, field and laboratory
SOP references, and when samples will be received by the laboratory.

2.8.3 Investigation Reports

An investigation report containing the following information will be completed:

Introduction -- When , where and why the investigation was conducted and requesting office.
Staff who conducted the investigation.

Background -- Site history, description, and results of previous studies.
Summary -- Summary of the field investigation and resulting analyses, which constituents are
present, direction of plume movement if determined, possible sources of contamination, and
potable well owners' names, phone numbers, addresses, if appropriate.

Sketches/maps -- Showing sampling locations, UST locations, direction of plume, etc.

Methodology — Reference to field and laboratory SOPs

Internal Peer Review and Report Recipients

UST reportswill be reviewed internally. Final copies of the report will be sent to the requestor in
the UST Section. If private or public potable water supplies are sampled, refer to Section 2.2 for reporting
reguirements.
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29 Underground Injection Control (Ul C) Investigations
29.1 Introduction

L aws protecting ground water from contamination by injection of wastes allow for the sampling of
injection wells aswell as nearby wells. UIC field investigations are requested primarily by the Region 4,
Water Management Division, Ground Water/Drinking Water Branch, GW & UIC Section and usually
involves ground water sampling for constituents related to the wastes being injected.

UIC investigation objectives may include:

» Determining if vicinity potable water wells are contaminated with waste products from the
injection wells.

» Determining if vicinity ground water monitoring wells are contaminated with waste products
from the injection wells.

« Determining the direction of the contamination plume and the source of the contamination.
29.2 Investigation Study Plans

Study plans are prepared for all UIC investigations and must beissued at |east oneweek prior to the
investigation. Thetiming and nature of some emergency requests may preclude theissuance of astudy plan.

A copy of the study planin draft form will be provided to the requestor to ensure that the plan will
meet their objectives. Asageneral rule, the DataQuality Objectives(DQO) processwill be consulted during
the study plan preparation phase. The study plan should include, as appropriate:

» Introduction — The project leader and support staff, requestor from the GW & UIC Section, and
the objective(s) of the investigation.

»  Backaground — Facility compliance history, manufacturing processes, types of wastes produced,
waste treatment methods, etc.

e Scope- The study design should be discussed in this section including the number and location
of the samplesto be collected, information which will be obtained, and records to be reviewed.

» Logigtics— Thetravel and study dates.

» Methodology — Analyses to be conducted and who will conduct analyses, field and laboratory
SOP references, and when samples will be received by the laboratory.

2.9.3 Investigation Reports
An investigation report containing the following information will be completed:

» Introduction -- When , where and why the investigation was conducted and requesting office.
Staff who conducted the investigation.

» Background -- Site history, description, and results of previous studies.
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*  Summary -- Summary of the field investigation and resulting analyses, which constituents are
present, direction of plume movement if determined, possible sources of contamination, and
potable well owners' names, phone numbers, addresses, if appropriate.

»  Sketches/maps -- Showing sampling locations, location of injection well(s), other pertinent
information

* Methodology — Reference to field and laboratory SOPs

Internal Peer Review and Report Recipients

UIC reportswill be reviewed internally. Final copies of the report will be sent to the requestor in
the GW & UIC Section. If private or public potable water supplies are sampled, refer to Section 2.2 for
reporting requirements.

210 Ambient Air Monitoring Evaluations And Audits
2.10.1 Introduction

In 1979, the US EPA established a plan for obtaining reliable ambient air quality data. The plan
includes a network of State and Local Air Monitoring Stations (SLAMS). The regulations governing the
network (40 CFR 58) cover the data collection and reporting requirements for state and local air pollution
control agencies. The purpose of this section is to provide procedures for the inspection and eval uation of
the SLAMSnetwork. Each SLAM Ssitemust meet criteriafor network design, instrument exposure, sample
inlet, etc.
2.10.2 NAMS/SLAMS Site Evaluations

State and Local Air Monitoring Stations (SLAMS)

A SLAMS network should be designed to meet a minimum of four basic monitoring objectives.
Each SLAM site within a network must meet at |east one of the following objectives:

» To determine the highest concentrations expected to occur in the area covered by the network.
» To determine representative concentrations in areas of high population density.

» Todeterminetheimpact of ambient pollution levels of significant sources or source categories.
» Todetermine the general background concentration levels.

National Air Monitoring Stations (NAMS)

NAMS are a selected subset of the SLAMS sites, covering urban and multi-source areas. The
emphasisis on areas of maximum concentrations and high population density. NAMS, like SLAMS, must
conform to EPA siting criteria and operate according to quality assurance procedures that meet or exceed
EPA's minimum specifications. The NAMS differ from the SLAMS in that NAMS must use continuous
automated instruments for gaseous pollutants.
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The NAMSfall into two categories:
» Category (@) - stations in areas of expected maximum concentrations (usually middle scale).

» Category (b) - stations in areas with both poor air quality and high population density. These
areas are not necessarily those with expected maximum concentrations. They will usually be
densely populated neighborhoods, but may be areaswhere sensitiveindividualsarelikely tolive
or work, if such areas are common to the neighborhood.

Urban areas where NAM S are required will usually have both types of stations. It is possible that
only one monitoring station will be needed for PM,, or SO,, in which caseit must be a Category (@) station.
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Network Design

Network design for State and Local Air Monitoring Stations (SLAMS), National Air Monitoring
Stations (NAMS), and Photochemical Assessment Monitoring Stations (PAMS) isdetailed in Appendix D
of 40 CFR 58. Tables2.10.1 and 2.10.2 show the population level sfor which NAM Smonitoring isrequired.
The required spatial scalesfor NAMS are shown in Table 2.10.3. Although SLAMS do not have specific
scal erequirements, the scalesthat are appropriateto each pollutant arealso shownin Table2.10.3. Selection
of urban areas and actual number of stations per areaisjointly determined by EPA and the state agency.

TABLE 2.10.1

GUIDELINESfor PM,, and SO, NAMS NETWORK SIZE
(APPROXIMATE NUMBER of STATIONS PER AREA)

Popul ation Concentration

Population Area High? Medium” Low*
>1,000,000 6-10 4-8 2-4
500,000-1,000,000 4-8 2-4 1-2
250,000-500,000 34 1-2 0-1
100,000-250,000 1-2 0-1 0

(& PM,,: High concentration areas are those for which ambient PM ,, data show ambient
concentrations exceeding PM,, National Ambient Air Quality Standards (NAAQS) by
20% or more.

SO,: Defined as high when the ambient concentration exceeds the level of the
primary NAAQS.

(b) PM,,: Ambient concentrations exceed 80% of the NAAQS.

SO,: Ambient concentrations exceed 60% of the primary or 100% of the secondary
NAAQS.

(c) PM,,: Ambient concentrations are less than 80% of the NAAQS.

SO,: Ambient concentrations are less than 60% of the primary or 100% of the secondary
NAAQS.
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TABLE 2.10.2

POPULATION LEVELS FOR WHICH NAMS MONITORING OF POLLUTANTS OTHER THAN

PM,, AND SO, IS REQUIRED

POLLUTANT POPULATION
Lead 500,000?
CO 500,000
Ozone 200,000
NO, 1,000,000
PM, N/A 35-50 sites total

(& Theminimum isasoaSLAMS requirement. NAMS monitoring is also required
whenever the NAAQS has been exceeded in any of the last eight quarters.

TABLE 2.10.3
SUMMARY of SPATIAL SCALESUSUALLY NEEDED for SLAMS and NAMS
Scale Appropriate for SLAMS
Spatial Scale
SO, CO O, NO, Pb PM o PM,
o
Micro X X X
Middle X X X X
Neighborhood X X X X
Urban X X X X
Regional X X X X
Scale Appropriate for NAMS
Spatial Scale
SO, CO O, NO, Pb PM o PM,
o
Micro X X!
Middle X*
Neighborhood X X X
Ul’ban X2
Regional X?

1Only permitted if representative of many such micro-scaleenvironmentsinaresidential district (for middle

scale, at least two).

2Either urban or regional scale for regional transport sites.
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Monitoring M ethodol ogy

Themonitoring methodsthat must beusedin NAMS/'SLAM Sare specified in 40 CFR 58, Appendix
C (hereafter referred to as Appendix C). Reference methods (or their equivalent) must be used for all
regulatory purposes.

An analyzer with a nonconforming range greater than twice the upper limit may be used if it has
morethan onerange. At least one of these ranges must be designated areference or equivalent method and
it must be the one in which the pollutant concentration is likely to occur. Further, the EPA Administrator
must determine that the resol ution of therangeisadequate. See Section 2.6, Appendix C, for further details.

Requestsfor approval of asampling method must be submitted to the United States Environmental
Protection Agency, National Exposure Research Laboratory (NERL), Human Exposure and Atmospheric
Sciences Division (MD-46), Research Triangle Park, North Carolina 27711.

Probe Siting

Probesitingcriteria for Stateand Local Air Monitoring Stations(SLAMS), National Air Monitoring
Stations (NAMS), and Photochemical Assessment Monitoring Stations (PAMYS) is detailed in Appendix E
of 40 CFR 58. Tables 2.10.4 and 2.10.5 display the requirements for probe siting. For further details,
clarification, or justification, refer to Appendix E of 40 CFR 58.

Borosilicateglassand FEP Teflon®, or their equivalent, areacceptablematerialsfor SLAMS/NAMS
intake sampling lines. FEP Teflon® is not acceptable for VOC and carbonyl sampling at PAMS sites.
Borosilicateglass, stainlesssteel, or itsequivalent, arethe acceptabl e probe materialsfor VOC and carbonyl
sampling. The residence time in sampling probes for reactive gases must be less than 20 seconds.
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TABLE 2.104
SUMMARY of PROBE SITING CRITERIA

Horizontal and
Vertica Distance From
Height Above | Distance From | Distance From | Roadways to
Pollutant Scale Ground(m) Supporting Treesto Probe Probe
Structure*
SO, 2345 All 3-15 >]1 >10 N/A
CO 346 Micro 3% >1 >10 2-10
All Others 3-15 >1 >10 See Table
2.105
O, 234 All 3-15 >1 >10 See Table
2.105
NO, 234 All 3-15 >1 >10 See Table
2.105
P 234578 Micro 2-7 >2 >10 See Table
(All Scales, (All Scales) 2.105
All Others 3-15 Horizontal
Distance)
PM,, 234578 Micro 2-7 >2 >10 5-15
(All Scales, (All Scales)
All Others 3-15 Horizontal See 58CFR,
Distance) App. E
PM, ¢ 2345178 >2 >10 2-10
(All Scales, (All Scales)
Horizontal See 58CFR,
Distance) App. E
1 When probe is located on arooftop, this separation distanceisin reference to walls, parapets, or penthouses.
2. Should be greater than 20 meters from tree driplines and must be 10 meters from the dripline when trees act asan
obstruction.
3. Distance frominlet probeto obstacle, such as buildings, must be at |east twice the height the obstacle protrudes above the
inlet pole. Sites not meeting this criterion would be classified as middle scale.
4, Must have unrestricted airflow 270 degrees around theinlet probe, or 180 degreesif the probeison the side of a building.
5. No furnace or incinerator flues should be nearby. Distance is dependent on height of furnace or incineration flues, type

of fuel or waste burned, and quality of fuel (sulfur, ash, or lead content). Thisisto avoid undue influences from minor
pollutant sources.

6. The horizontal and vertica distance from supporting structures must be greater than 1 meter. (When the probeislocated
on arooftop, this distance isin reference to walls, parapets, or penthouses |ocated on the roof).

7. Must be greater than 10 meters from a street intersection and should be located mid-block.

8. For collocated Pb and PM 10 samplers, a 2-4 meter separation distance must be met.

9. Must have unrestricted airflow 270 degrees around the sampler, except for street canyon sites.
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TABLE 2.10.5
MINIMUM DISTANCE BETWEEN SAMPLING PROBE and ROADWAYS
(EDGE of NEAREST TRAFFIC LANE)

Roadway Average Minimum Distance
Daily Traffic (ADT) Between Roadways and
(vehicles per day) Stations* (meters)
eeeee____Neighborhood ScaleCO Stations |
<10,000 10
15,000 25
20,000 45
30,000 80
40,000 115
50,000 135
>60,000 >150

Neighborhood and Urban Scale Ozone and NO, Stations

<10,000 10
15,000 20
20,000 30
40,000 50
70,000 100
>110,000 >250
_________________________________________ Lead Stations ]
Middle
Micro Scale | Neighborhood, Regional
Urban Scale Scale
10,000 5-15 >15-50 >50
20,000 5-15 >15-75 >75
40,000 5-15 >15-100 >100

* Distances should be interpolated based on traffic flow.

2.10.3 Stateand Local QA Plan Reviews
Introduction

40CFR, Part 58, Appendix A specifiestheminimum quality assurance (QA) requirementsapplicable
to SLAMSair monitoring data submitted to EPA. The QA Plan for an air monitoring network containstwo
distinct functions: control of the measurement process and assessment of the quality of monitoring data.
The QA Plan must be approved by the Regional Administrator or his designee. In Region 4, the Region's
QA Officer has been del egated the authority to approve QA Plans. The SESD Air Monitoring Staff (AMS)
has been assigned the responsibility of reviewing QA Plansfor SLAMS in Region 4.
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Review/Approval Process

TheAir Monitoring Staff reviewsstateandlocal QA Plans submitted to the Regional Administrator
for approval. At aminimum, each QA Plan must include operational proceduresfor the elementslistedin
Section 2.0 of 40 CFR Part 58, Appendix A. Based on the review results and comments received from the
reviewers, the AMS recommends approval/disapproval action to the Region 4 QA Officer. If the AMS
reviewer recommends disapproval of a state or local QA Plan, he/she will hold the review process in
abeyance until he/she has requested and received additional information necessary to approve the QA Plan
from the state or local agency which submitted the QA Plan.

2.10.4 Performance Audits
Introduction

Performance auditsare conducted by the appropriate AM S to assesslocal and state agencies quality
assurance program. Theauditsallow for an overall estimate of agiven agencies dataquality. However, the
result of an audit is not a definitive indicator of the overall quality of an agency's data base.

When scheduling audits with a state or local agency, the state Quality Assurance Coordinator must
be notified in advance to allow for state agency representation during the audit. Upon arrival at the audit
location, al principlesinvolved must be briefed to explain the audit, its meaning, and the use of its results.
Following theinitial conference, the audits will be performed. The auditor will ask the station operator to
verify that no unschedul ed zero or span adj ustments have been made prior to theaudit. During the audit, the
auditor will request the station operator to read the instrument responses from the agency monitor. All data
will be recorded on the appropriate audit form.

Following the completion of the audit, an exit conference will be conducted where results of the
audit will be discussed. The auditor should not give copies of the audit form to the agency personnel until
after returning to the office and after the audit data have been verified. Having verified an auditor'sresults,
copies of the audit form will be sent to the affected agency and state Quality Assurance Coordinator.

All audit gases shall be traceable to Nationa Institute of Standards and Technology Standard
Reference Materials (SRMs) or the gases used in the audit may be SRMs or EPA Protocol Gases.

Carbon Monoxide

Carbon monoxide audit concentrations shall be introduced into the monitor prior to any filters,
dryers, or mixing chambers. Audit concentration points will be in the following ranges:

Audit Point Concentration (ppm CO)
1 3-8
2 15-20
3 35-45
4 80- 90

Note: Audit point #4 will be run only on monitors operated in the O to 100 ppm range.
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Ozone

Ozoneaudit concentrations shall beintroduced into the monitor at the same point where ambient air
enters the sampling system. The audit concentration should be introduced through the prabe, if possible.
Audit concentration points will be in the following ranges.

Audit Point Concentration (ppm O,)
1 0.03 - 0.08
2 0.15-0.20
3 0.35 - 0.45
4 0.80 - 0.90

Note: Audit point #4 will be run on monitors operating in the O to 1.0 ppm range.
Sulfur Dioxide
Sulfur dioxideaudit concentrationsshall beintroducedinto themonitor through the particul atefilter.

Theaudit concentration should beintroduced through the probe, if possible. Audit concentration pointswill
be in the following ranges.

Audit Point Concentration (ppm SO,)
1 0.03-0.08
2 0.15-0.20
3 0.35- 0.45
4 0.80-0.90

Note: Audit point #4 will only be run on monitors operating in the 0 to 1.0 ppm range.

Nitrogen Dioxide

Nitrogen dioxide audit concentrations shall be introduced into the monitor through the particulate
filter. The audit concentration should be introduced through the probe, if possible. Audit concentration
points will be in the following range:

Audit Point Concentration (ppm NO,)
1 0.03-0.08
2 0.15-0.20
3 0.35-0.45
4 0.80-0.90

Note: Audit point #4 will only be run on monitors operating inthe 0 to 1.0 ppmrange. If the audit isbeing
conducted by gas phasetitration (gpt), it will be necessary to run azero and span point on the monitor's NO,
and NO channels. If NO and/or NO, datacollected by astate/local agency are submitted to the AIRS system,
the NO and/or NO, channel must be audited using either cylinder dilution or gpt.
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2.10.5 Air Monitoring Technical System Audit
Introduction

A technical system audit (TSA) is an on-site review and inspection of a state or local agency's
ambient air monitoring program to assess its compliance with established regulations governing the
collection, analysis, validation, and reporting of ambient air quality data. To promote uniformity in the
evaluation of state and local agencies monitoring programs and performance, the air monitoring staff will
use a modified version of the questionnaire (see Appendix H) in "The QA Handbook for Air Pollution
Measurement System,” Volume II: Part 1, Ambient Air Quality Monitoring Program, Quality System
Development, US EPA, Office of Air Quality Planning and Standards, Research Triangle Park, NC.
(commonly referred to asthe"Red Book."). Thescope of the systems audit includesan appraisal of network
management, field operations, |aboratory operations, data management, quality assurance, and reporting.
The TSA results should present a clear, complete, and accurate picture of the agency's collection and
reporting of ambient air monitoring data.

Frequency of Systems Audits

The EPA Regional Office retains regulatory responsibility to evaluate agency performance on a
three-year rotation, unless problemsoccur. The determination of the extent of the systemsaudit isleft to the
Regional Office's discretion.

Sdlection of Monitoring Sites for Inspection

Itissuggested that approximately five percent of astate agency's sites beinspected during asystems
audit. For smaller agencies, at least two sites should be inspected. One half of the sites to be inspected
should be sel ected by the agency being audited, whilethe other half should be selected by the RO audit team.

Data Audits

A complete systems audit must include a review of the data processing and reporting procedures
starting at the acquisition stage and terminating at the point of data entry into the AIRS computer system.
The guidance for conducting a data audit is given in Appendix 2,Section 2 (5.0 Data and Information
Management Audits) of the Red Book.

Guidelines for Conducting Systems Audits of State and L ocal Agencies

A systems audit should consist of three separate phases:

» pre-audit activities,
» On-site activities; and
» post-audit activities.

Each of these activities is discussed in detail in Sections 15.3.1, 15.3.2, 15.3.3, and Appendix 15,
Section 2 of the Red Book. Because of the length of these Red Books sections, they are incorporated by
reference.
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Audit Reporting

The systems audit report shall include:
Introduction

Observations and Recommendations
Field

Laboratory

Data Review

Conclusion

Appendix of Supporting Documentation

Thereport'sAppendix of Supporting Documentation contai nscopiesof thecompl eted questionnaire,
Corrective Action Implementation Request (CAIR) form, and documentation contributing significantly to
the audit results.

2.10.6 National Performance Audit Program
Introduction

Appendix A, Part 2.4 of 40 CFR Part 58 requires agencies operating SL AM S networksto participate
in EPA's National Performance Audit Program (NPAP). In addition, agencies receiving Section 105 grants
in Region 4 are required to participate in NPAP. The purposes of NPAP are to provide agencies with a
means of self-appraisal for the specific operation audit and to provide EPA with anindex of the dataquality
reported to the AIRS data bank.

Air Monitoring Staff

The Air Monitoring Staff’s role is to coordinate the NPAP between state and local agencies and
EPA's Office of Air Quality Planning and Standards (OAQPS).

Audit Survey

Theaudit survey isconducted annually on high volume samplers (TSP and PM ;) and semi-annual ly
on continuous sampler (SO,, O,, NO,, and CO) and lead (Pb).
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2.10.7 PM,. Federal Reference Method (FRM) Performance Audit Program (PEP)
Introduction

Appendix L, of 40 CFR Part 50 provides the Reference Method for the Determination of Fine
Particulate Matter as PM, 5 in the Atmosphere. This method provides for the measurement of the mass
concentration of fine particul ate matter having and aerodynamic diameter lessthan or equal toanominal 2.5
micrometers (PM, ) in ambient air over a 24-hour period for purposes of determining whether the primary
and secondary national standards for fine particul ate matter specified in § 50.6 of this part are met.

Quality assessment proceduresare provided in Part 58, Appendix A, and quality assurance guidance
are provided in the 1) Quality Assurance handbook for Air Pollution Measurement Systems, Volume I,
Principles. EPA/600/R-94/038a, April 1994; 2) Section 2.12 of the Quality Assurance handbook for Air
Pollution Measurement Systems, Volume IlI, Ambient Air Specific Methods, EPA/600/R-94/038b,
November, 1998; 3) Quality Assurance Handbook for Air Pollution Measurement Systems, Volume 1V:
M eteorol ogical Measurements, (revised edition) EPA/600/R-94/038d, March, 1995.

To achieve the designated Data Quality Objectives (DQQO’s), Measurement Quality Objectives
(MQQ'’s) were designed to evaluate and control measurement uncertainty to tolerable levels. Hence, the
Federal Reference Method Performance Evaluation Program (FRM PEP) was implemented to provide a
mechanismto understand total measurement biasand compareall environmental dataoperationsagainst one
data operation.

Air Monitoring Staff

The Air Monitoring Staff’ sroleisto:

1. Manage the national work assignment for two ESAT field scientists and one laboratory scientist.

2. Plan and cluster sites on the annual FRM PEP schedules.

3. Provi (_1e oversight and communication with the Region 4 State and Local ambient air monitoring
agencies.

4, Conduct Technical Systems Audits (TSA) of each reporting organization once every 3 years.

5. Assure that every federal reference method designation within a reporting organization have 25

percent of sites audited (including collocated sites).

6. Assure that at |east one monitor in each reporting organization is audited annually.

7. Audit each scheduled SLAM PM, ¢ monitoring sites at afrequency of 4 times per year.

8. Assurethat all FRM and Federal Equivalent Methods (FEM) sampling sites are audited once every
9. E)r:]sruﬁ?rhsat each site platform can accommodate the portable sampler within 1 to 4 meters of the

routine sampler.

10. Review and recommend approval/disapproval of all Quality Assurance Project Plans (QAPP) and
Standard Operating Procedures (SOP) for Region 4 Stateand L ocal ambient air monitoring agencies.
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11.

12.

Audits

Design, install and manage the operation of the East Coast PM,, . Filter Weighing Laboratory for the
client Regions 1, 2, 3, 4, 6, and FRM PEP filters for the State of Washington, Region 10.

Act asliaison between and provide technical assistanceto the twenty four Region 4 State and L ocal
agencies, OAQPS, and the EPA client Regions.

In accordance with 40 CFR Part 58, Appendix A, and EPA Quality Assurance Guidance Document

2.12, Section 10.3, the Air Team will conduct TSA on each Region 4 reporting organization, once every 3
years. These audits are designed to assess the entire measurement system and data management activities
with regards to the PM, s monitoring networks. These activities will include the following:

Initial equilibration, weighing, and transportation of the filters to the sampler

Site selection criteria assessment

Equipment installation

Site security

Equipment maintenance

Calibration procedures

Handling and placement of filters

Operation of the sampler and sample collection

Removal, handling, and transportation of the filters from the sampler to the laboratory
Post-sampling equilibration, weighing, storage, and archival of the sampled filters
Data analysis and reporting

Anexamplechecklist for thePM,, ;. TSA isshowninthe EPA Quality Assurance Guidance Document

2.12, Section 10.3, pages 10 - 14.

The FRM PEP audits are conducted on 25 percent of the SLAMS monitoring network per reporting

organization, and 25 percent of the designated methods used per reporting organization four times per year.
Each primary and collocated sampler should receive at least one FRM PEP audit every four years.
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EXHIBIT 2.1
REGION 4
HAZARDOUSWASTE FIELD OVERVIEW CHECKLIST

Facility/Site Name

Address

Project No. EPA 1D No.
Facility Contact Phone No.
Overview Personnel Date

State/Contractor Project L eader

Affiliation Phone No.

Address

Sampling Personnel

Other Personnel & Affiliation

Type of study?

Study plan issued? Date issued?
Study plan reviewed by the Division? Acceptable?
Comments:

Woas study plan followed?
Comments:

Was a safety plan prepared for the study?
Comments:

Was the safety plan adequate?
Comments:

Woas the safety plan followed?
Comments:

Additional comments or information:

Checklist sections completed

for this overview: 1. 2. 3. 4. 5. 6.
Key: 1. General Procedures 4. Surface Water Sampling
2. Ground Water Sampling 5. Waste Sampling

3. Soil, Sediment, Sludge Sampling 6. Monitoring Well Installation
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SECTION 1 - GENERAL PROCEDURES - SAFETY, RECORDS, QA/QC, CUSTODY, ETC.

1 Type samples collected?
Comments:

2. Were sampling locations properly selected?
Comments:

3. Were sampling locations adequately documented in a bound field log book using indelible
ink?
Comments:

4, Were photos taken and a photol og maintained?
Comments:

5. Wheat field instruments were used during this study?
Comments:

6. Were field instruments properly calibrated and calibrations recorded in a bound field log
book?
Comments:

7. Was sampling equipment properly wrapped and protected from possible contamination
prior to sample collection?
Comments:

8. Was sampling equipment constructed of Teflon®, glass, or stainless steel ?
Comments:

0. Were samples collected in proper order? (least suspected contamination to most
contaminated?)
Comments:

10. Were clean disposable latex or vinyl gloves worn during sampling?
Comments:

11. Were gloves changed for each sample station?
Comments:

12. Was any equipment field cleaned?
Comments:

13. Type of equipment cleaned:
Comments:

14. Were proper field cleaning procedures used?
Comments:

15. Were equipment rinse blanks collected after field cleaning?
Comments:

16. Were proper sample containers used for samples?
Comments:
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17. Were split samples offered to the facility owner or his representative?
Comments:

18. Was a Receipt for Samples form given to facility representative?
Comments:

19. Were any duplicate samples collected?
Comments:

20. Were samples properly field preserved?
Comments:

21. Were preservative blanks utilized?
Comments:

22. Were field and/or trip blanks utilized?
Comments:

23. Were samples adequately identified with labels or tags?
Comments:

24, Were sampl es sealed with custody seals after collection?
Comments:

25. What security measures were taken to insure custody of the samples after collection?
Comments:

26. Were chain-of-custody and receipt for samples forms properly completed?
Comments:

27. Were any samples shipped to alaboratory?
Comments:

28. If yesto No. 27, were samples properly packed?
Comments:

29. If shipped to a CLP lab, were Traffic Report Forms properly completed?
Comments:

30. What safety monitoring equipment, protection, and procedures were used prior to and during
sampling?
Comments:

31 Was safety monitoring equipment properly calibrated and calibrations recorded in a bound
field log book?
Comments:
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SECTION 2 - SAMPLING - GROUND WATER

1 Type of wells sampled? (monitoring, potable, industrial,etc.)
Comments:

2. Were wells locked and protected?
Comments:

3. Were identification marks and measurement points affixed to the wells?
Comments:

4, What were the sizes and construction materials of the well casings?
Comments:

5. Were the boreholes sealed with a concrete pad to prevent surface infiltration?
Comments:

6. Woas there a dedicated pump in the well?
Comments:

7. Was clean plastic sheeting placed around the wells to prevent contamination of sampling
equipment and containers?
Comments:

8. Were total depths and depths to water determined before purging?
Comments:

0. What device was used to determine depths?
Comments:

10. Were measurements made to the nearest 0.01 ft?
Comments:

11. Was the measuring device properly cleaned between wells?
Comments:

12. Woas the standing water volume in each well determined?
Comments:

13. How was the volume determined?
Comments:

14. Woas a sufficient volume purged prior to sampling?

Comments:

15. How many volumes?
Comments:

16. How was the purged volume measured?
Comments:

17. What was the method of purging?
Comments:
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18. Were pH, conductivity, temperature, and turbidity measurements taken and recorded at |east
once during each well volume purged?
Comments:

19. Were pH, conductivity, temperature, and turbidity readings stable prior to sampling?

Comments:

20. How many wells were sampled? Upgradient?  Downgradient?
Comments:

21. How were the samples collected? Bailer Pump Other
Comments:

22. If apump was used, what type?
Comments:

23. If apump was used, was it properly cleaned before and/or between wells?
Comments:

24, What were the cleaning procedures?
Comments:

25. Did bailers have Teflon® coated wire leaders to prevent rope from coming into contact with
water?
Comments:

26. Were bailers open or closed top?
Comments:

27. Was a clean bailer and new rope used at each well?
Comments:

28. Were samples properly transferred from the sampling device to the sample containers? (i.e.,
volatile samplefirst - not aerated, etc.)
Comments:

29. Woas pH of preserved samples checked to insure proper preservation?
Comments:

30. Were samplesiced immediately after collection?

Comments:

31 For what analyses were the samples collected?
Comments:

32. If samples were split, what were the sample/station numbers for these?
Comments:

33. Are the ground water samples being filtered?
Comments:

34. If the ground water are being filtered, what procedure is being used?
Comments:
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35. Islow flow/low volume sampling being conducted (e.g., is the intake of the pump at the
middle of the screen)?

Comments:

36. If low flow/low volume sampling is being conducted, is the water level being measured
constantly to insure minimal drawdown of the less than 3 to 4 inches?
Comments:

33. Other comments or observations.
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SECTION 3 - SAMPLING - SOIL, SEDIMENT, SLUDGE, ETC. (Non-containerized)

1 Type of samples collected?
Comments:

2. General description of samples?
Comments:

3. How many samples were collected?
Comments:

4. Were background and/or control samples collected?
Comments:

5. Were representative samples collected?
Comments:

6. Were grab or composite samples collected?
Comments:

7. Were composite samples areal or vertical?
Comments:

8. How many aliquots were taken for the composite sample?
Comments:

0. What procedures and equipment were used to collect samples?
Comments:

10. Were sampl es thoroughly mixed prior to putting them into the sample containers?
Comments:

11. Were samples properly placed into sample containers?
Comments:

12. Were samplesiced immediately after collection?

Comments:

13. For what analyses were the samples collected?
Comments:

14. If samples were split, what were the sample/station numbers for these?
Comments:

15. Was adrilling rig, back hoe, etc. used to collect soil samples?
Comments:

16. Were the drilling rig(s), backhoe(s), etc., properly cleaned according to the SOP, Appendix B,
prior to arriving on site?
Comments:

17. What was the condition of the drilling and sampling equipment when it arrived on site?
Comments:
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18. Was a decontamination area located where the cleaning activities would not cross-
contaminate clean and/or drying equipment?
Comments:

19. Was clean equipment properly wrapped and stored in a clean area?
Comments:

20. Was the drilling rig(s) properly cleaned between well borings?
Comments:

21. Were the cleaning and decontamination procedures conducted in accordance with the SOP?
Comments:

22. Other comments or observations;
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SECTION 4 - SAMPLING - SURFACE WATER (Pond, Stream, River, L eachate, Etc.)

1 Type of samples collected?
Comments:

2. General description of samples?
Comments:

3. How many samples were collected?
Comments:

4. Were background and/or control samples collected?
Comments:

5. Were grab or composite samples collected?
Comments:

6. How many aliquots were taken for the composite sample?
Comments:

7. What procedures and equipment were used to collect the samples?
Comments:

8. Were samples collected directly into sample containers?
Comments:

0. Did the sampler wade in the stream to collect the samples?
Comments:

10. Were the sampl es collected upstream from the sampler?
Comments:

11. Did the sampler insure that roiled sediments were not collected along with the water samples?
Comments:

12. Were representative samples collected?
Comments:

13. Woas the pH of preserved samples checked to insure proper preservation?
Comments:

14. Were samplesiced immediately after collection?

Comments:

15. For what analyses were the samples collected?
Comments:

16. If samples were split, what were the sample/station numbers for these?
Comments:

17. Other comments or observations:
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SECTION 5 - WASTE SAMPLING - DRUMS, TANKS, BARRELS, ETC. (Containerized)

1 What was the objective of the sampling investigation?
Comments:
2. Description of units or sources sampled (closed/open, etc.)?
Comments:
3. General description of samples (Qil, sludge, waste)
Comments:
4, How many samples were collected?
Comments:
5. Were grab or composite samples collected?
Comments:
6. How many aliquots were taken for the composite sample?
Comments:
7. What type of equipment was used to collect the samples?
Comments:
8. What procedures were used to collect the samples?
Comments:
9. Were solid/semi-solid waste samples thoroughly mixed prior to putting them into the sample
containers?
Comments:
10. Were samples properly placed into sample containers?
Comments:
11. For what analyses were the samples collected?
Comments:
12. Was equipment field cleaned?
Comments:
13. Was clean equipment properly wrapped and stored in a clean area?
Comments:
14. Were the cleaning and decontamination procedures conducted in accordance with the
Appendix B of the EISOPQAM?
Comments:
15. Were the study's objectives accomplished?
Comments:
16. If samples were split, what were the sample/ station numbers for these?
Comments:
17. Were any special safety measures taken during collection of the samples?

Comments:
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18. Whet level of safety protection was required for collection of the samples?
Comments:

19. Other comments or observations:
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SECTION 6 - MONITORING WELL INSTALLATION

GENERAL

1 Were the wellsinstalled in the proper locations in accordance with the study plan and/or
project operations plan (POP)?
Comments:

2. Were the wells installed starting in the least contaminated area and proceeding to the most
contaminated area?
Comments:

3. Were proper safety protocols employed during the well installations?
Comments:

4, Were samples of the drilling mud, water, bentonite pellets, filter pack materials, etc., collected

for quality control analyses?
Comments:

EQUIPMENT DECONTAMINATION

5. Were the drilling rig(s), backhoe(s), etc., properly cleaned according to the SOP, Appendix B,
prior to arriving on site?
Comments:

6. What was the condition of the drilling and sampling equipment when it arrived on site?
Comments:

7. Was a decontamination area |ocated where the cleaning activities would not
cross-contaminate clean and/or drying equipment?
Comments:

8. Was clean equipment properly wrapped and stored in a clean area?
Comments:

9. Was the drilling rig(s) properly cleaned between well borings?
Comments:

10. Were the cleaning and decontamination procedures conducted in accordance with the SOP?
Comments:

11. Wheat type of drilling method(s) was used to install the wells?
Comments:

12. Was this drilling method(s) the same as proposed in the study plan and/or POP?
Comments:

13. Were soil samples collected for logging and analyses as the wells were installed?
Comments:

14. If yesto 13, at what intervals and by what method?
Comments:

15. If air rotary was used, was an in-line organic air filter employed? Was a cyclone velocity

dissipator used?
Comments:
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16. What diameter borehole(s) were installed?
Comments:

17. Were surface outer casings used?
Comments:

18. If yesto 17, what size and to what depth?
Comments:

19. Were the wells double cased?
Comments:

20. If yesto 19, explain procedure.
Comments:

PERMANENT WELL INSTALLATION

21. What type of well casing(s) and screen(s) were used?
Comments:

22 What diameter were the well casing(s) Screen(s)?
Comments:

23. Was there a minimum two inch annulus around the casing between casing and borehole was
or inside augers)?
Comments:

24, What was the length of the well screen(s)?
Comments:

25. What was the slot size of the well screen(s)?
Comments:

26. Was the well screen(s) commercially manufactured?  If so, by whom?
Comments:

27. Was the bottom of the well screen(s) plugged or capped?
Comments:

28. Were sand and/or gravel (filter) packs installed?
Comments:

29. Specify type of materialsin 28 [(play sand, Ottawa sand, etc.) and grain size (20/30, 20/40,
etc.)], if known.
Comments:

30. Was a sieve analysis conducted to determine well screen slot size and filter pack grain size?
Comments:

31 Were the wells installed to the proper depths?
Comments:

32. Were well screens placed at the proper intervals?
Comments:

33. Were thefilter packs placed a minimum of two feet above the well screens?
Comments:
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34. Was the tremie tube method used to place the filter packs?
Comments:

35. Were sedls placed above the filter packs?
Comments:

36. If yesto 35, what material was used for the seals?
Comments:

37. Woas the vertical thickness of the seals a minimum of two feet?
Comments:

38. If bentonite pellets were used for the seals above the filter packs, were they alowed to
hydrate a minimum of 8 hours?
Comments:

39. Did contractor/driller have documentation from manufacturer stating recommended hydration
time?
Comments:

40. Was the tremie tube method used to place the bentonite pellets?
Comments:

41. Woas the annulus grouted from the seal to within two feet of the ground surface, or below the
frost line?
Comments:

42. Was the tremie tube method used to place the grout in the annulus?
Comments:

43. If no to 42, what method was used?
Comments:

44, Wheat type of grout was used to seal the annulus (neat cement, cement/bentonite, cement/sand,
etc.)?
Comments:

45, What grout mix ratio was used? (should be stated in the POP)
Comments:

46. What was the density of the grout? (Ib/gal, etc.)
Comments:

47. If bentonite grout was used, was the density at least 9.4 [b/gal ?
Comments:

48. Was the density determined using a mud balance?
Comments:

49. Was the grout allowed to set a minimum of 24 hours before the surface pad was installed?
Comments:

50. Was a concrete surface pad installed with an outer protective casing and locking cap?
Comments:

51. How far below the ground surface did the concrete pad extend?
Comments:
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52. What were the dimensions of the concrete pads?
Comments:

53. Did the well casings extend to a minimum of 2.5 feet above the ground surface?
Comments:

54, How far above the ground surface did the outer protective casings extend?
Comments:

55. Did the outer protective casings have weep holes?
Comments:

56. Were the wells properly developed?
Comments:

57. Describe method of devel opment.
Comments:

58. Give ageneral evaluation of the activities observed during the installation of the wells.
Comments:

TEMPORARY WELL INSTALLATION

59. Describe methods and procedures.
Comments:
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EXHIBIT 2.2
REGION 4
STATE/CONTRACTOR OVERVIEW CHECKLIST

*** NOTE *** Thischecklist isfor overviewing State personnel overviewing afacility or contractor or for
overviewing a contractor overviewing contractors.
PART 1

State/Contractor Name

Address

Facility/Site Name

Address

Facility Contact Phone No.
Facility Activities/Operations
Project No. EPA 1D No.
Audit Personnel Date
State/Contractor Project L eader
Title Phone No.
Sampling Personnel

Other Personnel & Affiliation

Type of study?

Study/Work plan issued? Date issued?
Study/Work plan reviewed by the Division? Acceptable?
Was the Study/Work plan reviewed by the State/Contractor?
Comments:

Woas the study plan followed?
Comments:

Was a safety plan prepared for the study?
Did the State/Contractor review the safety plan?

Was the safety plan adequate?
Comments:

Was the safety plan followed?
Comments:

Did the State/Contractor have their own safety plan?

Did the State/Contractor have a copy of the SOP or have a copy of their own SOP?
Comments:

Woas the State/Contractor familiar with the SOP?

Additional Comments or Information:
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PART 2

1 Was afield overview checklist completed?
Comments:

2. Was the State/Contractor familiar with the facility and its operations?
Comments:

3. Was the State/Contractor trained in equipment handling and proper sampling techniques?
Comments:

4, Did the State/Contractor observe calibration of safety monitoring and/or field measurement
equipment?
Comments:

5. Did the State/Contractor observe all phases of the field investigation such as sampling, field
measurements, record keeping, packing and shipping samples, etc.?
Comments:

6. Did the State/Contractor advise sampling personnel regarding improper procedures or
practices whenever they were observed?
Comments:

7. Did the State/Contractor assist with the sampling, equipment decontamination or any other
phase of the investigation?
Comments:

8. Were there improper procedures or practices used which the State/Contractor failed to
recognize?
Comments:

0. Was sampling conducted in accordance with the SOP or other EPA standard operating
procedures?
Comments:

10. Was equipment decontamination conducted in accordance with standard operating procedures
specified by EPA?
Comments:

11. List any problem areas observed relative to questions #8, #9 or #10:
Comments:

12. What are the qualifications of the investigative/sampling personnel (training and experience)
by name?
Comments:

13. Had those personnel received training in sampling techniques and equipment handling?
Comments:

14. When was the latest training received and by whom was it provided?
Comments:

15. What equipment was available and/or used during the investigation?
Comments:
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16. Did equipment appear to have been properly cleaned and protected from possible
contamination prior to bringing it to the field?
Comments:

17. What type of samples were collected?
Comments:

18. For what analyses were the samples collected?
Comments:

19. Was sampling conducted in accordance with standard operating procedures specified by the
State or EPA?
Comments:

20. Did investigative/sampling personnel conduct a comprehensive investigation/eval uation or
only collect samples?
Comments:

21. If investigative/sampling personnel only collected samples, how were their sampling efforts
coordinated with the rest of the investigation?
Comments:

22. If facility personnel collected samples, did the State/Contractor accept split samples?
Comments:

23. Were adequate field records kept in a bound log book?
Comments:

24, Were photographs taken and a photo log maintained?
Comments:

25. Were QA/QC procedures adequate for the type of study being conducted and type/number of
samples being collected?
Comments:

26. Had investigative/sampling personnel received appropriate safety training?
Comments:

27. Do investigative/sampling personnel undergo periodic refresher safety training?
Comments:

28. Did investigative/sampling personnel have appropriate safety equipment for the investigation?
Comments:

29. Areinvestigative/sampling personnel classified as to the type of investigations they can
conduct?
Comments:

30. Have investigative/sampling personnel had comprehensive physicals?
Comments:

31 Do investigative/sampling personnel participate in a medical monitoring program?
Comments:

32. Give ageneral evaluation of the activities observed during the overview and note any other

comments or observations.
Comments:
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EXHIBIT 2.3
STATE PROGRAM EVALUATION
HAZARDOUSWASTE FIELD ACTIVITIES

State

Agency
Specific Activity RCRA or CERCLA

Location

Telephone

Activity Managers

Evaluator

Date

PART 1 -- FIELD ACTIVITY STAFFING

Description of Field Activity:

Field Activity Personnel Staffing

NAME(s) TITLE TRAINING EXPERIENCE
Field Safety Program Personnel categorized asto activity?
and Training:

Does aformal safety training program exist?

Does aformal safety training tracking system exist?

Does aformal medical monitoring program exist?

Safety Training In-House Outside EPA
Received?

Safety Program Needs:

Field Activity Adequately Staffed to meet Existing RCRA or CERCLA Inspection and |nvestigation
Needs: Adequate Inadequate

Projected Staffing Needs:
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PART 2 -- FIELD OPERATING PROCEDURES

1 Does a standard operating procedures manual exist or is one being prepared?
Comments:

2. Are inspection schedules and study plans prepared?

Comments:

3. Are these inspections and studies coordinated with the lab?
Comments:

4, Addressed in the SOP?
Comments:

5. Areformal inspection and investigation reports prepared?
Comments:

6. Arethefield activities adequately addressed in the SOP Manual ?
Comments:

7. Does the SOP address: (Sample Collection) YES | NO
- Ground Water

- Surface Water
- Surface Soil
- Subsurface Soil

- Waste - Pits, Ponds, Lagoons

- Waste - Closed Container
- Tissue (Fish, etc)

- Air

- QC

Comments:

8. Does the SOP address: (Sample Handling Techniques) YES | NO

- Standard Sampling Containers

- Field Equipment & Sample Container Cleaning Procedures

- Sample Identification

- Sample Preservation & Holding Times
- Sample Chain-of-Custody

- Sample Packaging Techniques

- ldentification of Hazardous Samplesto Lab
- QC

Comments:
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0. Does the SOP address:. (Field Documentation and Records) YES | NO

Field Documentation or Bound Record Books
Comments:

Photographs
Comments:

Site Mapping (Sketching of sites)

Comments:

PART 3 -- FIELD CONTRACTORS

1 Arefield contract personnel used to conduct field investigations?

Comments:

2. What activities do field contractors perform?
Comments:

3. If yes, does aquality control program exist to monitor contractor activities?
Comments:

PART 4 - FACILITIES

1 Is adequate space provided for the storage of field equipment?
Comments:

2. Arefacilities and/or space provided for the cleaning, repair, and preparation of field
equipment?
Comments:

3. Specific Facility Needs:
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PART 5 - FIELD EQUIPMENT AVAILABLE

1. Sampling and Investigative Equipment Available:

- Fiedd Vehicles

- Field Analytica Instrumentation

- Surveying Equipment

- Photographic Gear

- Pumps and Automatic Samplers

- Ground Water Sampling Equipment

- Surface Water Equipment

- Sediment Sampling Equipment

- Soil Coring Equipment

- Waste Sampling Equipment

- Geophysical Equipment

- Temporary Well Installation Equipment

2. Specific Sampling and Investigation Equipment Needs:
Comments:

3. Safety Equipment Available

- Monitoring Equipment

- Protective Clothing

- Respiratory Protection

4. Are Safety Procedures available in written form or in a manual ?
Comments:

5. Specific Safety Equipment Needs:
Comments:

6. Does a specific field or safety equipment needs list exist?
Comments:

7. Is there an allowance for an equipment budget?
Comments:
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SECTION 3

SAMPLE CONTROL, FIELD RECORDS, AND DOCUMENT CONTROL

control.

SECTION OBJECTIVES:
»  Present standard procedures for sample identification.
e Present standard procedures for sample control.
»  Present standard procedures for chain-of-custody.

»  Present standard procedures for maintenance of field records and document

3.1 Introduction

Sampl e identification, chain-of-custody records, receipt for sample forms, and field records (with
the exception of surveying notes) should be recorded with waterproof, non-erasableink. If errorsare made
in any of these documents, corrections should be made by crossing a single line through the error and
entering the correct information. All corrections should beinitialed and dated. If possible, all corrections
should be made by the individual making the error.

If information is entered onto sampletags, logbooks, or sample containers using stick-on labels, the
label's should not be capable of being removed without leaving obvious indications of the attempt. Labels
should never be placed over previously recorded information. Correctionsto information recorded on stick-
on labels should be made as stated above.

Following are definitions of terms used in this section:

Project L eader:

Field Sample Custodian:

Sample Team Leader:

Sampler:

Transferee:

Laboratory Sample Custodian:

The individual with overall responsibility for conducting a specific field
investigation in accordance with this SOP

Individual responsible for maintaining custody of the samplesand
completing the sample tags and Chain-of-Custody Record

An individual designated by the project leader to be present during and
responsible for all activities related to the collection of samples by a
specific sampling team.

Theindividual responsible for the actual collection of a sample.

Any individual who receives custody of samples subsequent to release by
the field sample custodian.

Individual responsible for accepting custody of samples from the field
sample custodian or atransferee.

One individual may fulfill more than one of the roles described above.
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3.2 Sample and Evidence | dentification

PERFORMANCE OBJECTIVE:

» Toaccurately identify samples and evidence collected.

3.2.1 Sample Identification

Themethod of sample identification used depends on the type of sample collected. In-situfield
samples are those collected for specific field analysis or measurement where the data are recorded directly
in bound field logbooks or on the Chain-of-Custody Record, with identifying information, while in the
custody of the sampling team. Examples of such in-situ field measurements and analyses include pH,
temperature, dissolved oxygen and conductivity. Samplesother than those collected for in-situ analysisare
identified by using a standard sample tag (Figure 3-3) which are attached to the sample container. In some
cases, particularly with biological samples, the sampletag may haveto be included with or wrapped around
thesample. Sampletagsare sequentially numbered and are accountable documents after they are completed
and attached to a sample or other physical evidence. The following information shall be included on the
sample tag using waterproof, non-erasable ink:

e project number;

» field identification or sample station number;

» date and time of sample collection;

e designation of the sample as agrab or composite;
e avery brief description of the sampling location;

o the signature of either the sampler(s) or the designated sampling team leader and the field
sample custodian (if appropriate);

» whether the sampleis preserved or unpreserved;
» thegeneral types of analysesto be performed (checked on front of tag); and

e relevant comments (such as readily detectable or identifiable odor, color, or known toxic
properties).

Samples or other physical evidence collected during criminal investigations are to be identified by
using the "criminal sampletag." Thistag is similar to the standard sample tag shown in Figure 3-3, except
that it has ared border around the front and a red background on the back of thetag. If acriminal sample
tag is not available, the white sample tag may be used and should be marked "Criminal" in bold letters on
the tag.

If asampleissplit with afacility, state regulatory agency, or other party representative, therecipient
should be provided (if enough sample is available) with an equal weight or volume of sample
(see Section 2.3.6).
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3.2.2 Photograph, Digital Still Image and Video Identification

Photographs and Digital Still Images

When photographs or digital images are taken, arecord of each exposure or image shall be kept in
abound field logbook. The following information shall be recorded in the logbook:

e an accurate description of what the photograph or image shows, including the name of the
facility or site and the specific project name and project number;

» thedate and time that the photograph or image was taken;
» the name of theindividual who took the photograph or digital image.

When photographs are used in technical reports or placed in the official files, the film shall be
developed with the negatives supplied uncut. The identifying information that was recorded in the field
logbook shall be entered on the back of the prints. For criminal investigations, the negatives must be
maintained with the bound field logbook in the project file and stored in a secured file cabinet.

When digital images are used in technical reports or placed in the official files, the disk with the
original, unaltered file of theimages or aprinted copy of the unaltered images shall be placed in the official
filesaswell. If printed copies of the images are used, each image shall be identified using the information
that wasrecorded in the field logbook. For enforcement cases, it isimperative that the individual who took
the image be identified in the field logbook in the event their testimony is required.

Video

When a video tape is made for use as evidence in an enforcement case, the following information
should be recorded in abound field logbook:

* the date and time that the video was recorded;.
o abrief description of the subject of the video tape;
 the person recording the video.

Video records shall include avisual notation (placard) at the beginning of the of the video with the
appropriate information (i.e., location, date, time). An audio record may also be included in the video tape
with the above logistical information as well as a narrated description of the video record.

A label shall be placed on the video tape with the appropriate identifying information (i.e., project
name, project number, date, location etc.). In the event testimony regarding a video tape recording is

required for an enforcement case, oneindividual should beresponsiblefor recording the video for each case.
The original, unaltered tape shall be placed in the official files.
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3.2.3 Identification of Physical Evidence

Physical evidence, other than samples, shall be identified by using a sample tag or recording the
necessary information on the evidence. When samples are collected from vessels or containers which can
be moved (drums for example), the vessel or container should be marked with the field identification or
sampl e station number for futureidentification, when necessary. Thevessel or container may belabeled with
anindelible marker (e.g., paint stick or spray paint). Thevessel or container need not be marked if it already
has a unique marking or serial number; however, these numbers shall be recorded in the bound field log-
books. In addition, it is suggested that photographs of any physical evidence (markings, etc.) be taken and
the necessary information recorded in the field logbook.

Occasionally, it is necessary to obtain recorder and/or instrument charts from facility owned
analytical equipment, flow recorders, etc., during field investigations and inspections. Mark the chartsand
write the following information on these charts while they are till in the instrument or recorder :

e Starting and ending time(s) and date(s) for the chart.

» Aninstantaneous measurement of the media being measured by the recorder shall be taken and
entered at the appropriate location on the chart along with the date and time of the
measurement.

» A description of the location being monitored and other information required to interpret the
data such as type of flow device, chart units, factors, etc.

After the chart has been removed, thefield investigator shall indicate on the chart who the chart (or
copy of the chart) was received from and enter the date and time, as well as the investigator'sinitials.

Documents such as technical reports, laboratory reports, etc., should be marked with the field
investigator's signature, the date, the number of pages, and from whom they were received. Confidential
documents should not be accepted, except in special circumstances such as process audits, hazardous waste
site investigations, etc.

3.3 Chain-of-Custody Procedures

PERFORMANCE OBJECTIVE:

e Tomaintain and document the possession of samples or other evidence from the time of
collection until they or the data derived from the samples are introduced as evidence.

3.3.1 Introduction

Chain-of-custody procedures are comprised of the following elements: 1) maintaining custody of
samples or other evidence, and 2) documentation of the chain-of-custody for evidence. To document chain-
of-custody, an accurate record must be mai ntained to trace the possession of each sample, or other evidence,
from the moment of collection to itsintroduction into evidence.
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3.3.2 Sample Custody
A sample or other physical evidenceisin custody if:

e itisintheactual possession of aninvestigator;
e itisintheview of an investigator, after being in their physical possession;

» itwasinthephysical possession of aninvestigator and then they securedit to prevent tampering;
and/or

e itisplacedinadesignated secure area.
3.3.3 Documentation of Chain-of-Custody

Sample Tag

A sampletag (Figure 3-3) should be completed for each sample using waterproof, non-erasableink
as specified in Section 3.2.

Sample Seals

Samples should be seal ed as soon as possi bl efollowing collection using the EPA custody seal shown
in Figure 3-5. The sample custodian should write the date and their initials on the seal. Except for criminal
investigations, the use of custody sealsmay bewaivedif field investigators keep the samplesin their custody
as defined in Section 3.3.2 from the time of collection until the samples are delivered to the laboratory
analyzing the samples. Custody sealswill always be used for crimina investigations.

Chain-of-Custody Record

Thefield Chain-Of-Custody Record (Figure 3-1) isused to record the custody of all samplesor other
physical evidence collected and maintained by investigators. All physical evidence or sample sets shall be
accompanied by aChain-Of-Custody Record. ThisChain-Of-Custody Record documentstransfer of custody
of samplesfrom the sampl e custodian to another person, to the laboratory, or other organizational elements.
To simplify the Chain-of-Custody Record and eliminate potential litigation problems, as few people as
possible should have custody of the samples or physical evidence during theinvestigation. Thisform shall
not be used to document the collection of split sampleswherethereisalegal requirement to provide areceipt
for samples (see Section 3.4). The Chain-Of-Custody Record also serves as a sample logging mechanism
for the laboratory sample custodian. A separate Chain-of-Custody Record should be used for each final
destination or laboratory used during the investigation.

All information must be supplied in the indicated spaces (Figure 3-1) to complete the field Chain-
Of-Custody Record. The reverse side of the Chain-of-Custody Record (Figure 3-2) describes the
requirements for station ID, sample ID and media codes

» All samplers and sampling team leaders (if applicable) must sign in the designated signature
block.

»  One sample should be entered on each line and not be split among multiple lines.

« If multiple sampling teams are collecting samples, the sampling team leader's name should be
indicated in the "Tag Number" column (or adjacent to this column) for the appropriate

sample(s).
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» If theindividual serving as the field sample custodian is different from the individual serving
as the project leader, the field sample custodian's name and the title of the sample custodian
(e.g., Jane Doe, Sample Custodian) should be recorded in the "Remarks/Air bill" block at the
top of the Chain-of-Custody Record. The“Remarks/Air bill” block may also be used to record
Air bill numbers or registered or certified mail serial numbers.

» Thetotal number of sample containersfor each sample must belisted in the " Total Containers’
column. The number of individual containers for each analysis must also be listed in the
respective column. Required analyses should be circled or entered in the appropriate location
as indicated on the Chain-of-Custody Record.

» The tag numbers for each sample and any needed remarks should be in the "Tag Numbers'
column.

»  Thesample custodian and subsequent transferee(s) should document the transfer of the samples
listed on the Chain-of-Custody Record. The person who originally relinquishes custody should
be the sample custodian. Both the person relinquishing the samples and the person receiving
them must sign theform. The date and timethat this occurs should be documented in the proper
space on the Chain-of-Custody Record.

e Usually, the last person receiving the samples or evidence should be the laboratory sample
custodian or their designee(s).

The Chain-of-Custody Record isa serialized document. Once the Record iscompleted, it becomes
an accountable document and must be maintained in the project file. The suitability of any other form for
chain-of-custody should be evaluated based upon its inclusion of al of the above information in alegible
format.

If chain-of-custody isrequired for documents received during investigations, the documents should
be placed inlarge envel opes, and the contents should be noted on the envelope. Theenvel opeshall be sealed
and an EPA custody seal placed on the envel ope such that it cannot be opened without breaking the seal.
A Chain-Of-Custody Record shall be maintained for the envelope. Any time the EPA seal is broken, that
fact shall be noted on the Chain-Of-Custody Record and a new seal affixed. The information on the seal
should include the sample custodian's initials and the date.

Physical evidence such as video tapes or other small items shall be placed in Zip-Loc® type bags
or envelopes and an EPA custody seal should be affixed so that they cannot be opened without breaking the
seal. A Chain-Of-Custody Record shall be maintained for theseitems. Any timethe EPA seal isbroken, that
fact shall be noted on the Chain-of-Custody Record and a new seal affixed. The information on the seal
should include the sample field custodian's initials and the date.

EPA custody seals can be used to maintain custody of other itemswhen necessary by using similar
procedures as those previoudly outlined in this section.

Samples should not be accepted from other sources unlessthe sample collection proceduresused are
known to be acceptable, can be documented, and the sample chain-of-custody can be established. If such
samples are accepted, a standard sample tag containing all relevant information and the Chain-Of-Custody
Record shall be completed for each set of samples.

3.34 Transfer of Custody with Shipment
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» Samplesshall be properly packaged for shipment in accordance with the proceduresoutlined in
Appendix D.

» All samplesshall be accompanied by the Chain-Of-Custody Record. The original and one copy
of the Record will be placed in aplastic baginside the secured shipping container if samplesare
shipped. When shipping samples via common carrier, the "Relinquished By" box should be
filledin; however, the"Received By" box should beleft blank. Thelaboratory samplecustodian
isresponsiblefor receiving custody of the samplesand will fill inthe "Received By" section of
the Chain-of-Custody Record. One copy of the Record will be retained by the project leader.
Theoriginal Chain-of-Custody Record will betransmitted to the project |eader after the samples
are accepted by the laboratory. This copy will become a part of the project file.

» If sent by mail, the package shall be registered with return receipt requested. If sent by common
carrier, an Air Bill should be used. Receiptsfrom post officesand Air Billsshall beretained as
part of the documentation of the chain-of-custody. TheAir Bill number or registered mail serial
number shall be recorded in the remarks section of the Chain-Of-Custody Record.

34 Receipt for Samples Form (CERCLA/RCRA/TSCA)

PERFORMANCE OBJECTIVE:

e Toassurethat staff comply with environmental laws which require providing a Receipt
for Samples Form.

3.4.1 Introduction

Section 3007 of the Resource Conservation and Recovery Act (RCRA) of 1976 and Section 104 of
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA or Superfund) of
1980requirethat a"receipt” for al facility samples collected during inspections and investigations be given
to the owner/operator of each facility before the field investigator departs the premises. The Toxic
Substances Control Act (TSCA) contains similar provisions. The laws do not require that homeowners or
other off-site property owners be given this form.

3.4.2 Receipt for Samples Form

The Receipt for Samplesform (Figure 3-4) isto be used to satisfy the recei pt for samples provisions
of RCRA, CERCLA, and TSCA. The form also documents that split samples were offered and either
"Received" or "Declined" by the owner/operator of the facility or site being investigated. All information
must be supplied in the indicated spaces to complete the Receipt for Samples form.

e The sampler(s) must sign the form in the indicated location. If multiple sample teams are
collecting samples, the sampl e team | eader's name should beindicated in the "EPA Sample Tag
No./Remarks" column.

» Each samplecollected fromthefacility or site must be documented in the samplerecord portion
of theform. The sample station number, date and time of sample collection, composite or grab
sample designation, whether or not split samples were collected (yes or no should be entered
under the split sample column), the tag numbers of samples collected which will be removed
from the site, a brief description of each sampling location, and the total number of sample
containers for each sample must be entered.
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» Thebottom of the form is used to document the site operator's acceptance or rejection of split
samples. The project leader must sign and complete the information in the " Split Samples
Transferred By" section (date and time must be entered). If split sampleswere not collected, the
project leader should initial and place a single line through " Split Samples Transferred By" in
this section. The operator of the site must indicate whether split samples were received or
declined and sign theform. The operator must give their title, telephone number, and the date
and time they signed the form. If the operator refuses to sign the form, the sampler(s) should
note this fact in the operator's signature block and initial this entry.

The Receipt for Samples form is serialized and becomes an accountable document after it is
completed. A copy of theformisto be given to the facility or site owner/operator. The original form must
be maintained in the project files.

35 Field Records

PERFORMANCE OBJECTIVE:

» Toaccurately and completely document all field activities.

Each project should have adedicated logbook. The project leader's name, the sample team leader's
name (if appropriate), the project name and location, and the project number should be entered on theinside
of thefront cover of the logbook. It isrecommended that each pagein the logbook be numbered and dated.
The entries should be legible and contain accurate and inclusive documentation of an individual's project
activities. At the end of all entries for each day, or at the end of a particular event, if appropriate, the
investigator should draw adiagonal lineandinitial indicating the conclusion of theentry. Sincefield records
arethe basisfor later written reports, language should be objective, factual, and free of personal feelings or
other terminology which might prove inappropriate. Once completed, these field logbooks become
accountable documents and must be maintained as part of the official project files. All aspects of sample
collection and handling, as well as visual observations, shall be documented in the field logbooks. The
following isalist of information that should be included in the logbook:

» sample collection equipment (where appropriate);

field analytical equipment, and equipment utilized to make physical measurements shall be
identified;

» caculations, results, and calibration datafor field sampling, field analytical, and field physical
measurement equipment;

e property numbers of any sampling equipment used, if available;
e sampling station identification;

e time of sample collection;

e description of the sample location;

e description of the sample;
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» who collected the sample;

» how the sample was collected;

o diagrams of processes;

»  maps/sketches of sampling locations; and

» weather conditions that may affect the sample (e.g., rain, extreme heat or cold, wind, etc.)
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3.6 Document Control

PERFORMANCE OBJECTIVE:

To assure that project files are maintained in accordance with Divisional guidelines.

Document control refers to the maintenance of inspection and investigation project files. All
information below shall be kept in project files. Investigators may keep copies of reportsin their personal
files, however, al official and original documents relating to inspections and investigations shall be placed
in the officia project files. The following documents shall be placed in the project file, if applicable:

request memo from the program office;

copy of the study plan;

original Chain-Of-Custody Records and bound field logbooks;

copy of the Receipt for Sample forms;

records obtained during the investigation;

complete copy of the analytical data and memorandums transmitting analytical data;

official correspondence received by or issued by the Branch relating to the investigation
including records of telephone calls;

photographs and negatives associated with the project;
one copy of the final report and transmittal memorandum(s); and

relevant documentsrel ated to the original investigati on/inspection or follow-up activitiesrel ated
to the investigation/inspection.

Inappropriate personal observations and irrelevant information should not be placed in the official
project files. At the conclusion of the project, the project leader shall review the file to ensure that it is

complete.
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3.7 Disposal of Samplesor Other Physical Evidence

PERFORMANCE OBJECTIVE:

» Toensurethat proper disposal procedures are used for samples or other evidence.

Disposal of samplesor other physical evidence obtained duringinvestigationsisconducted on acase-
by-case basis. Before samples which have been analyzed are disposed of, the ASB sample custodian shall
contact the project leader via E:mail, indicating that the samples will be disposed of by a certain date unless
the project leader dictates otherwise. If the sample custodian does not receive a message from the project
leader within the time specified in the E:mail, the samples will be disposed of. Personnel should check with
the EPA Program Office requesting the inspection or investigation before granting permission to dispose of
samples or other physical evidence. The following general guidance is offered for the disposal of samples
or other physical evidence:

» No samples, physical evidence, or any other document associated with a criminal investigation
shall be disposed of without written permission from EPA's Criminal Investigations Division.

» Samples associated with routine inspections may be disposed of following approval from the
project leader. Sample tags will be discarded along with the samples.

3.8 Field Operations Records M anagement System (FORMYS)

PERFORMANCE OBJECTIVE:

» Tointroduce the procedure for streamlining sample documentation

FORMSisacomputer program designed to streamline the documentation required by SESD and/or
the Contract L aboratory Program (CL P) for sampl eidentification and chain-of -custody. Oncetheappropriate
information isenteredinto the computer, FORM Swill generate stick-on | abel sfor the sampl etagsand sample
containers (CLP), and will generate sample receipt forms and chain-of-custody records for the appropriate
laboratory. The advantages to this system include faster processing of samples and increased accuracy.
Accuracy isincreased because theinformation isentered only once, and consequently, consistent for thetags,
bottle labels, samplerecei pt forms and chain-of-custody records. Operating instructionsareavailablefor use
with the FORM S program.
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FIGURE 3-1
CHAIN-OF-CUSTODY FORM
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FIGURE 3-2
MEDIA CODES

@ Station 1D - Station ID isrequired if positional dataisrecorded for the sample.
Any combination of letters, numbers, or other characters. Maximum of 20 characters. Use this
column to identify a sampling station where one or more samples or field measurements are
taken. A few examples are well numbers, NPDES permit numbers, Air permit numbers, AOC
numbers, Grid numbers, Site designations, etc., or combinations of these as appropriate.

@ Sample |D - Required. Any combination of |etters or numbers. Maximum of 8
characters. NOTE: For QA/QC samples, the Sample ID must begin with the
letters* QA for the sampleto be properly identified.

® Media Code - Required. Choose the code that most closely describes the sample:

Environmental Samples

SF  -Surface Soil (0"-12") WP -Wipe Sample
SB  -Subsurface Soil (>12") FI  -Fish Sample
PW -Potable Water VG -Vegetation
MS -Municipa Water Supply M1 -Macroinvertebrates
IW  -Industrial Well WW -Wastewater
WA -Waste SL  -Sludge (non-RCRA)
SW  -Surface Water Ul -UIC Injection Wells
SD  -Sediment US -Underground Storage Tanks
GW -Groundwater PT -Petroleum Tanks
PC -Precipitation AA -Ambient Air
OT -Other (Unknown) IA  -Indoor Air
OB -Other Biota ME -Municipal Eff. Wastewater
MP -Municipa Proc. Wastewater IE  -Industrial Eff. Wastewater
IP  -Industrial Proc. Wastewater PE -Periphyton
Tl  -Tissue

Field QA/QC Samples

TS -Trip Blank-Sail
TW -Trip Blank-Water

TP -Trip Blank-Wipe FB -Filter Sand Blank
EB -Equipment Rinse Blank OW -Organic Free Water Blank
GR -Grout Blank PB -Preservative Blank
MB -Drilling Mud Blank GB -Glove Blank
DB -Potable Decon Blank BO -Bottle Blank
BB -Bentonite Blank FL -Field Blank
FA -Field Blank Air IB -Dry Ice Blank
BK -Other Blank
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BL -Blender Blank

FIGURE 3-3
SAMPLE TAG
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FIGURE 3-4
RECEIPT FOR SAMPLES FORM
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FIGURE 3-5
EPA CUSTODY SEAL
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SECTION 4
BRANCH SAFETY PROTOCOLS

SECTION OBJECTIVE:

. Present safety protocols to ensure that all operations are conducted in a manner which
protects worker safety and meets compliance with all OSHA regulations and EPA safety
policies.

4.1 Introduction

Thefollowing partsof thissection define saf ety protocol sthat areto be used by Branchinvestigators
while conducting field operations. This section also covers the necessary training, equipment, and
experience that is needed to conduct safe environmental investigations at hazardous waste sites.

TheDivision safety programisjointly coordinated by the Occupationa Health and Safety Designee
(OHSD); aDivision Safety, Health and Environmental Manager (SHEM) coordinator; and a Branch safety
officer. The OHSD appointsthe SHEM to perform the following duties: 1) classify employeesinto safety
categories based upon the type of work they are engaged in; 2) make requests for hazardous duty status; 3)
provides and tracks safety related training; 4) notifies management of safety deficiencies; and 5) reviews
project specific safety plans. The employees immediate supervisor is responsible for ensuring that their
employees meet training and medical monitoring requirements. Specific projectswill include a Site Safety
Officer (SSO) whose responsibility isto ensure that the site safety plan is adhered to during the course of
work. Other SSO responsibilities and dutiesarelisted in Section 4.3.1. Responsibility for the safe conduct
of site operationsis ultimately the responsibility of each individual worker.

Fieldinvestigatorswill not berequiredto participatein any operation whichviolatesOSHA and EPA
regulations/guidance. The safety protocolsin this section are written in accordance with those defined by
the following regulations, guidance documents, and manuals;

29 CFR Part 1910.120, Hazardous Waste Operations and Emergency Response: These OSHA
regulations govern workers at hazardous waste sites and include requirements for training,
equipment, and practices involved in handling of hazardous materials.

29 CFR Part 1910.1200, Hazard Communication: These OSHA regulationsgovernworkershandling
hazardous materials and include requirementsfor training, labeling, and documentation involvedin
handling hazardous materials.

29 CFR Part 1910.134, Respiratory Protection: These OSHA regulations govern the use and
maintenance of respiratory protection equipment used by personnel handling hazardous wastes.

Occupational Safety and Health Guidance Manual for Hazard Waste Activities: This NIOSH,
OSHA, USCG, and EPA guidance manual isfor those who are responsible for occupational safety
and health programs at hazardous waste sites. It assumes a basic knowledge of science and
experience in occupational safety and health. It isthe product of four Agencies (NIOSH, OSHA,
USCG, and EPA) mandated by CERCLA section 301 (f) to study the problem of protecting the
safety and health of workers at hazardous waste sites.
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Field Health and Safety Manual: USEPA, Region IV, 1990: Thismanual covers safety involvedin
all field activities performed in Region 4. It includes regional policy regarding training
requirements, medical monitoring, and personal protection.

Safety, Health and Environmental Management Program Procedures and Policy Manual: This
manual covers safety practices and rules governing activities at SESD facilities and field sites.

The remaining parts of this section cover hazard communication, safety protocols, training, and equipment
that are to be used when conducting hazardous waste investigations.

4.2 Hazard Communication Procedure
421 Introduction

The purpose of this hazard communication procedure isto ensure that the hazards of all chemicals
used by the Branch are evaluated, and that information concerning their hazards are transmitted to Branch
personnel. The transmittal of information is to be accomplished by means of a comprehensive hazard
communication program which includes contai ner labeling and other forms of warning, material safety data
sheets (MSDS), and employee training.
422 Scope

This hazard communication procedure covers activities involving the use and storage of hazardous
chemicals.

423 Labelsand Other Forms of Warnings

Personnel responsible for receiving and storage of hazardous chemicals from manufacturers and
suppliers will ensure that the containers are marked with the following information:

» Identity of the hazardous chemical(s);
» Appropriate hazard warnings; and
» Name and address of the chemical manufacturer, importer, or other responsible party.

Containers of hazardous chemicals generated during field investigations will be labeled with the
following information:

e Identity of the hazardous chemical(s) contained therein; and
» Appropriate hazard warnings.

Exempt from labeling requirements are any containers into which hazardous chemicals are
transferred from labeled containers, and which are intended only for use by the person who performs the
transfer during the same work day which the transfer ismade. Labels on containers or hazardous chemicals
will not be removed or in any way defaced. Labelsfor containers of hazardous chemicalswill be provided
by the SHEM or adesignee. Information on the labelswill bein English. Information in other languages
may be added as long as the information presented in English isin no way obscured.
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424 Material Safety Data Sheets (MSDSs)

Personnel responsiblefor receiving hazardous chemical sfrommanufacturersor supplierswill ensure
that MSDSs are obtained for each shipment received. Receipt of hazardous chemicals will be contingent
upon both the provision of MSDSs and compliance of the MSDS with requirements set forth in OSHA's
Hazardous Communication Final Rules, part (g).

The Branch Safety Officer or a designee will ensure that current MSDSs are available on the Lan
and the following locations:

The Field Equipment Center;
Battery Charging Shed; and

All field vehicles used to transport hazardous chemicals or used as mobile laboratories where
such hazardous chemicals are utilized.

Access to MSDSs on the Lan is accomplished by the following procedure:

MSDS Access

Thefollowinginstructionscover basic use of theM SDS system. If you encounter problemsor if you
have any questions, please call Jim Gray at X8613.

1.

In LAN Windows, doubleclick on the SESD Applications Icon, then double click onthe OHS
Database Icon.

Once the program is loaded, use any key to go through the Title, Warning and Disclaimer
screens. At the Main Screen, press F2 to activate the Pull Down Menu. The Select Data Base
function will be highlighted. Scroll right to the SEARCH Pull Down Menu. The Enter Query
function will be highlighted. Press ENTER to activate the Query screen.

Thefirst lineof the Query screen asksfor the Chemical Name. For example, typein Nitric Acid.
DONOT PRESSTHEENTERKEY AFTERTYPINGIN THE CHEMICAL NAME. PressF3
for the search. The search screen will eventually show 1 document found. After 10 or so
seconds, the MSDS will appear.

Y ou can navigate through the MSDS by using Page Up/Down or by scrolling with the arrow
keys, but itisslow. Therecommended method isto press F7 which activates the Jump To pull
down menu. Inthismenu, highlight the information you want and pressENTER. For example,
you want to make up a HazComm label for a container of Nitric Acid. In the Jump To menu,
scroll down to HAZARDS IDENTIFICATION and press enter. After a few seconds, that
portion of the MSDSwill be displayed showing the NFPA numbersto enter on thelabel. Now
suppose you want to know how to store your newly labeled container of nitric acid. Press F7
again to activate the pull down Jump To menu. Scroll to HANDLING AND STORAGE and
pressenter. Thescreenwill display the portion of the M SDS dealing with handling and storage.
If you would like to know what the incompatibles are that the M SDS keeps referring to, Press
F7, and on the Jump To menu scroll to STABILITY AND REACTIVITY then press ENTER.
The screen will display the types of thingsand alist of specific thingsthat nitric acid should be
kept separate from (and why).
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5. If youwouldliketo print the MSDS, press F2 for the Menu. Scroll down to PRINT DATA and
pressthe ENTER key. The MSDSwill print out on the network printer you have selected for
your PC.

6. To exit the program, press F2 for the Menu. Scroll down to EXIT and pressthe ENTER key.
Finally, here areafew suggestionsto help you when doing asearch. Takethe example of methylene
chloride. If you try this one by following the instructions given above, you will find that the search
will find O documents. This does not mean thereisno MSDSfor methylene chloride, it means that
the program callsit something else. When you encounter a situation like this, delete the name you
have typed into the CHEMICAL NAME space. Scroll downto TRADE NAME/SYNONYM and
retype the name, in this case methylene chloride. Y ou will find the search gives you 12 documents
found. Upon review of the documents, you can see that the program calls methylene chloride,
dichloromethane. By selecting that name from the 12 given, you will get the correct MSDS.
When using TRADE NAME/SYNONY M for a search, you can get over a hundred documents to
search. By far the easiest and most direct way to search is by CAS Number. If you need a CAS
number, call an ASB chemist or call the SHEM.
425 TheHazardous Chemical Inventory

The Branch Safety Officer or adesignee will compile alist of hazardous chemicals used or stored
within the Branch. The list will include the following:

 Name used in-house for the chemical or mixture of chemicals;

» Correct chemical name for the chemical or each component of a mixture of chemicals;
» Location(s) of the chemical; and

» Location(s) of the posting of MSDSs related to the chemical or mixture of chemicals.

TheHazardous Chemical Inventory will be updated quarterly and reported to the Chemical Hygiene
Officer (CHO).

Employee Information and Training

TheBranch safety officer or adesigneewill insurethat personnel are provided with information and
training on hazardouschemicalsintheir work areaat thetime of their initial assignment, and whenever anew
hazard isintroduced into their work area.

Information provided to personnel will consist of the following:

* Requirements of this Hazard Communication Procedure;

e Operationsin their work area where hazardous chemicals are present; and

» Location and availability of this Hazard Communication Procedure in this SOP, the Hazardous
Chemical Inventory List on the LAN, and the locations of MSDSs as stated in Section 4.2.4.
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Training provided to personnel will consist of:

Methods and observations that may be used to detect the presence or release of a hazardous
chemical in the work area (e.g., monitoring conducted by the Branch Safety Officer or a
designee, continuous monitoring devices, visual appearance or odor of hazardous chemicals
when being released, etc.);

The physical and health hazards of the chemicalsin the work arega;

M easures such as appropriate work practices, emergency procedures, and persona protective
equipment to be used by personnel to protect themselves from these hazards, and specific
procedures to be implemented to protect them from exposure to hazardous chemical's; and

The details of this Hazard Communication Procedure, including an explanation of the labeling
system and the MSDSs, and how personnel can obtain and use the appropriate hazard
information.

43 Safety Protocols

431 Site Safety Officer Duties

The following is alist of duties that are required for an individual designated to be a Site safety
officer (SSO). Branch safety protocols are to be administrated by the Division's Occupational Health and
Safety Designee (OHSD) and the appointed Division Safety, Health, and Environmental Manager (SHEM).
Safety protocols are to be followed by the SSO aswell as each individual that is a part of the investigation.
Saf ety during hazardouswastesiteinvestigationsbeginswiththeindividual. However, itistheresponsibility
of the SSO to plan and coordinate the following during an investigation:

1.

Ensure that each member of the investigative teamis up to date on their site safety training (i.e.
Annual Safety Refresher, CPR and First Aid) or has received an over-ride by the OHSD.

Meet with the project leader to gain knowledge of site operations and sampling strategies.
Prepare and enforce the site safety plan.

Make sure that necessary project specific safety equipment is available and operational. This
includes checking out air monitoring instruments to ensure that they are fully operational,
charged, and calibrated; for Level B operations- checking cool vest batteriesand pumps, filling
and checking self contained breathing apparatus (SCBA) air tanks and/or the airline system.

The SSO isalso responsiblefor oversight of safety during theinvestigation. Thisoversight can
include the following duties - safety sweep with air monitoring instruments at the
commencement of the site investigation, directing the set-up of the command post and work
zones (decontamination, exclusion, and contaminant reduction zones), and calibrating (or
verifying such) and operating air monitoring instruments during the investigation, and conduct
medical monitoring for heat stress throughout the operation.
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432 Safety Equipment
Investigators will be provided with the following safety equipment as appropriate:

rain suit

snow suit and ski mask

work gloves

safety glasses (prescription if necessary)
hearing protection

hard hat

steel toe/shank safety boots (leather and rubber)
first aid supplies.

Field investigators will be responsible for properly operating and maintaining the safety equipment in
the field. Should the safety equipment malfunction or be broken, field investigators are responsible for
reporting the condition to appropriate personnel at the Field Equipment Center (FEC) upon itsreturn. The
report will include as accurate a description or account of the problem as possible.

Field investigators will not operate any equipment for which they have not received training or have
insufficient familiarity to conduct safe operations.

Activitieswhich will require afamiliarization exercise for personnel prior to the actual execution of the
work include:

Enclosed area entry;

Level A, B, or C operations;

Drilling or power augering;

Drum openings;

Brush cutting with power equipment;
Boat operations;

Generator operations; and

Steam cleaning.

4.3.3 OSHA Confined Space Entry

According to 29 CFR Part 1910.146 an individual must have a permit to enter aspace that meetsthe
following definition for a confined space. Confined space means a space that is: 1) large enough and so
configured that an investigator can bodily enter and perform assigned work; 2) has limited or restricted
means for entry or exit (e.g., tanks, vessels, silos, storage bins, hoppers, vaults, or pits are spaces that may
have limited means of entry); and 3) isnot designed for continuous occupancy. Field investigatorsshall not
enter aspaceif it meets this definition.

434 Entry into Enclosed Areas

When conducting hazardous waste site investigations in areas that do not meet the definition in
OSHA 29 CFR Part 1910.146 or that are enclosed (areasthat could potentially trap explosive vapors and/or
have depleted oxygen), field investigators should monitor the atmosphere of the areato identify immediately
dangeroustolifeand health (IDLH) and other dangerous conditions. Examplesof dangerous conditionsthat
may be encountered when working around enclosed areas (other than thoselisted in 29 CFR Part 1910.146)
include areas that may support flammable or explosive atmospheres, oxygen-deficient environments, and
highly toxic levels of airborne contaminants. Some examples of enclosed areas that field investigators may
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enter after conducting appropriate air monitoring include, building interiors (if possible the field
investigator(s) should attempt to ventilate the enclosed area by opening doors and windows), trenches (less
than 3 feet deep), low lying areas in tank farms, tractor trailers, sumps, and behind barriers such as tall
buildings or tanks. At a minimum, field investigators should use direct reading instruments such as the
combustible gas indicator (CGl), oxygen meter, and an organic vapor analyzer (OVA) to monitor the
atmosphere in areas that may unexpectedly trap harmful vapors or have a depleted oxygen supply.

435 Training Status Tracking System

A computer system is used for tracking the status of required safety training for all personnel
involved in hazardous waste field operations within the Division. The system tracks the following safety
training:

Medical monitoring physical (annual renewal);

40-hour hazardous waste training (no required renewal);

8-hour refresher training (annual renewal);

Cardio-pulmonary resuscitation (CPR) certification (annual renewal);
First aid certification (tri-annual renewal);

Fire extinguisher operation (annual renewal);

International Air Transport Association (bi-annual renewal); and
Hazard Communication (no required renewal).

It isthe responsibility of the Branch safety officer or their designee to notify field investigators or
their supervisor when renewal s of required training are due. Notification will be no more than 90 days after
the actual renewal date. Scheduling training will be the responsibility of each individual unless otherwise
stipulated in the notification. Upon scheduling of the training, the individual will notify the Branch safety
officer of the date. Upon successful completion of training, a copy of the certificate received will be sent
by the individual to the Branch safety officer for inclusion in the safety training file.

In the event that afield investigator's OSHA required training has lapsed by more than 90 days, the
individual will not be allowed to enter onto ahazardouswaste site. When lapsesin training required by EPA
policy occur, the individual will be alowed to enter hazardous waste sites at the discretion of the
Occupational Health and Safety Designee (OHSD). Theindividual and their supervisor will be notified of
the changein status. Upon successful compl etion of therequired training, theindividual and their supervisor
will be notified of their return to prior status.

43.6 Site Operations

Upon initial entry at a hazardous waste site, a site survey will be conducted. In afacility that has
active working employees, the site survey may be conducted in Level D accompanied by air monitoring. At
sites that do not have active working employees, the SSO must use discretion when choosing the level of
protection that will be used while conducting an initial site survey. All initial site surveys should be
conducted using appropriate air monitoring instrumentsthat detect expl osive vapors (CGl), oxygen content,
and organic vapors (OVA). The purpose of an initial site survey is to accomplish one or both of the
following objectives:

» Determine the hazards that may exist which could affect site personnel.

» Veify existing information or obtain new information about the site.
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To accomplish the first objective, an assessment of real or potential dangers from fire, explosion,
airborne contaminants, radiation, and oxygen deficient atmospheres must be made. This assessment will be
made as follows:

» Combustible Gases -- The atmosphere in any location capable of containing or generating a
combustible concentration of gaseswill be monitored with acombustible gas meter. Response
of the meter in excess of 25% of the lower explosive limit (LEL) will cause an immediate
evacuation of the site.

»  Oxygen Deficiency -- A location capabl e of contai ning or generating an oxygen deficiency either
by depletion or displacement will be monitored with an oxygen meter. Any reading less than
19.5% oxygen will result in the use of self contained breathing apparatus (SCBA).

* Organic Vapors and Gases -- The atmosphere will be monitored with both a photoionization
detector (PID) and a flame ionization detector (FID). When appropriate, cyanide gas and
hal ogenated vaporswill also bemonitored. Any response abovebackground concentrationswill
cause an upgrade to Level C respiratory protection. Any response above 5 ppm when
contaminants are not known, will cause an upgrade to Level B respiratory protection. A
response above 200 ppm when contaminants are not known will cause an upgrade to Level A
protection.

» Inorganic Vapors and Gases -- There are only a few direct reading instruments with the
capability to detect and quantify non-specific inorganic vapors and gases. PIDs have a very
limited capability in thisarea. If specific inorganics are known or suspected of being present,
an attempt should be made to provide appropriate monitoring if possible. In the absence of a
monitoring capability always assume aworse case scenario and upgrade the level of protection
(see below) to alevel that gives respiratory and skin protection that is appropriate to a worse
case assumption.

» Radiation -- A radiation survey will be conducted of the site. The primary survey instrument
will be a Geiger-Mueller detector for beta/gamma radiation. Any response above background
will result in evacuation of the area.

Following theinitial survey, monitoring will be repeated when new areas of the site are entered, or
when operations likely to cause arelease are being conducted.

Levels of Personal Protection

Personal protective equipment is divided into four categories based on the degree of protection
afforded. The following table compares the relative protection for each level.

Level A Level B LEVEL C LEVEL D
Respiratory Maximum Maximum Moderate Minimum
Skin Maximum High Moderate Minimum
Eye Maximum High Moderate Minimum
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The relationship between air monitoring results and levels of protection (LOP) is shown in the following
table.

Instrument Response LOP
PID/FID Background D
PID/FID Lessthan 5 PPM above background C
PID/FID 5 PPM to 200 PPM B
PID/FID Greater than 200 PPM A
Oxygen Lessthan 19.5% B

CN Greater than 0 PPM and less than 10 PPM B
CN 10 PPM or greater A

NOTE: Measurements from direct-reading air monitors are only one consideration for LOP decisions. If
contaminants are known, protection can be achieved at alesser LOP.

The four levels of protection (ranked from least protective Level D to most protective Level A) and a
description of the situations for which each is appropriate is as follows:

LEVEL D

Shirt, long pants or coveralls

REQUIRED i
Boots with steel toes and shank

Gloves

OPTIONAL .
Rubber boots with steel toe and shank

Boot covers (disposable)

Safety glasses, goggles, or face shield (not for chemical splash protection)

Hard hat

Emergency Life Support Apparatus (ELSA)

Thermal /weather protection (coat, overalls, sweater, hat, rain gear, cool vests,
and heat stress monitors)

The atmosphere contains no known or anticipated hazard.

LEVEL D N _ _ .
is used when: Work conditions preclude splashes, immersion, or the potential for

unexpected inhalation of or contact with hazardous levels of any chemicals.
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LEVEL C

LEVEL D (modified to require chemical resistant boots with steel toe &
REQUIRED shank)

Full-face Air Purifying Respirator (APR) (NIOSH approved)

Disposable chemical-resistant overalls

Chemical resistant gloves (inner and outer)

Emergency Life Support Apparatus (EL SA) (for enclosed areainitial entry)

Boot covers (disposable)

OPTIONAL
Hard hat

Face shield

EL SA (for other than initial operations)

Thermal /weather protection (coat, overalls, sweater, hat, rain gear, cool vests
and heat stress monitors)

LEVEL C The atmospheric contaminants, liquid splashes, or other direct contact will
is used when: not adversely affect or be absorbed through any exposed skin.

The types of air contaminants have been identified, concentrations measured,
and an air-purifying respirator is available that can remove the contaminants.

All criteriafor the use of air-purifying respirators are met.

NOTE: Level C operationsrequire decontamination of personnel and equipment. Also, zonesof protection
are required.

Level Cisnot considered hazardous duty because adequate saf ety precautions have been taken
to reduce the degree of risk.
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MODIFIED LEVEL C

REQUIRED glove system)

LEVEL C (modified to include chemically resistant splash suit and triple

Cool vests and heat stress monitors (if ambient temperature exceeds 80°F) -
see below

Splash shield

EL SA (for enclosed areainitial entry)

Boot covers (disposable)

OPTIONAL
Hard hat
EL SA (for other than initial operations)
Cool vests and heat stress monitors are optional if ambient temperature is
80°F or less)

Modified All requirements for atmospheric contaminants and APR use related to
Level C normal Level C have been met.
is used when:

Materials being handled require a high degree of splash or contact protection.

NOTE1: ModifiedLevel Coperationsrequiredecontamination of personnel and equipment. Also, zones
of protection are required.

Modified Level Cisnot normally considered hazardous because adequate safety precautions
have been taken to reduce the degree of risk to anegligible level. Modified Level C could be
considered hazardousin a situation where atmospheric contamination was not the determining
factor

NOTE 2:  When wearing a chemically resistant splash suit (Level B):

Cool vests are required when wearing a chemically resistant suit for more than 30 minutes
and the temperature is 80°F to 90°F.

Cool vests are required when wearing an chemically resistant suit for morethan 15 minutes
and the temperature is above 90°F.

At thediscretion of the SSO, alack of shade may result in the need for cool vestsregardless
of the temperature.

Heat stress monitors are optional unless mandated by the SSO.
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LEVEL B

MODIFIED LEVEL C (without the requirement for splash shield, ELSA, and
REQUIRED APR)

Positive pressure, full-face piece self-contained breathing apparatus
(SCBA)/airline system

Boot covers (disposable)

OPTIONAL
Hard hat

ELSA

Cool vests and heat stress monitors (if ambient temperatureis
80°F or less)

Splash shield

Level B The type and concentration of atmospheric contaminants have been identified
is used when: and require the maximum level of respiratory protection, but only a high
level of skin protection.

The atmosphere contains less than 19.5 percent oxygen.

The presence of incompletely identified vapors or gasesisindicated by
direct-reading detecting equipment, but the concentrations of contaminants
are not suspected of posing a hazard through skin contact.

The work involves opening containers suspected of containing concentrated
wastes where alikelihood of an air releaseis possible. In this situation,
Level B istheinitial protection and can be upgraded or downgraded as more
information on the nature of the wastes is gathered.

NOTE1: Level B operations require decontamination of personnel and equipment. Also, zones of
protection are required.

Level B operationsnormally qualify as hazardousduty becausetherisk of fire/explosion cannot
be mitigated.

NOTE 2.  When wearing a chemically resistant suit (Level B):

» Cool vestsarerequired when wearing an chemically resistant suit for morethan 30 minutes
and the temperature is 80°F to 90°F.

» Cool vestsarerequired when wearing an chemically resistant suit for morethan 15 minutes
and the temperature is above 90°F.

o Atthediscretion of the SSO, alack of shade may result in the need for cool vestsregardless
of the temperature.

o Heat stress monitors are optional unless mandated by the SSO.
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LEVEL A

LEVEL D (with chemical resistant rubber boots with steel toe and shank)

REQUIRED _ . . ,
Totally-encapsulating chemical-protective suit
Positive pressure, full face-piece self-contained breathing apparatus
(SCBA)/airline system
Boot covers (disposable)
OPTIONAL
Hard hat
Cool vests and heat stress monitors (if ambient temperature is 80°F or less)
The hazardous substance has been identified and requires the highest level of
LEVEL A protection for skin, eyes, and the respiratory system.
is used when:

M easurements by direct-reading detecting equipment show concentrations
high enough to pose a hazard through skin contact.

Operations are being conducted in confined, poorly ventilated areas not
normally intended for human occupation, and conditions requiring a lower
level of protection have not been determined (i.e., Levels B, C, or D).

NOTE1: Level A operations require decontamination of personnel and equipment. Also, zones of

protection are required.

Confined space operationsrequire special training and compliance with OSHA permit-required

confined space entry procedures.

Level A operationsare hazardous duty dueto the nature of the equipment worn, and theinability

to mitigate the risk of fire/explosion.

NOTE 2:  When wearing atotally-encapsul ated, chemical-protective suit (Level A):

o Cool vests are required when wearing a totally-encapsul ated, chemical -protective suit for

more than 30 minutes and the temperature is 80°F to 90°F.

o Cool vests are required when wearing a totally-encapsul ated, chemical-protective suit for

more than 15 minutes and the temperature is above 90°F.

» Atthediscretion of the SSO, alack of shade may result inthe need for cool vestsregardless

of the temperature.

» Heat stress monitors are optional unless mandated by the SSO.
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Stress

Field personnel on hazardouswaste sites are exposed to both psychol ogical and physiological stress.
Psychological stress is countered with adequate training and job proficiency. Physiological stress is
primarily due to exposure of the worker to extremes of heat and cold.

Heat Stress

Heat stress can be the result of working during hot weather or wearing protective clothing that
inhibits natural ventilation. It can occur even under moderate temperature conditions. Whenever possible,

work should

be scheduled during cooler parts of the day or night. The following protocolsareto be used to

counter heat stress:

Cold Stress

Allow workers to replace lost body fluids, water will be available at the site. Liquids for
electrolyte replenishment will be available at the discretion of the SSO.

Cool vests will be made available. Their use will be designated during modified Level C or
higher protective level operationswhen ambient temperatures exceed 80°F or at the discretion
of the SSO (see preceding policy).

At the discretion of the SSO, workers' vital signs will be monitored (i.e., body temperature,
blood pressure and heart rate). I1f deemed necessary by the site safety officer, workerswill be
fitted with heat stress monitors. Monitoring of vital signswill be mandatory during modified
Level C or higher level operations when ambient temperatures exceed 80°F.

Adequate shade will be provided to shelter workersfrom direct exposure to the sun during rest
periods.

Work teams will be rotated so that an individuals time on stressful jobs is minimized.
Field personnel are encouraged to maintain their physical fithess.

Intake of diuretics (coffee or alcohol) should be minimized prior to field work.

Exposureto extreme cold can result in hypothermia. Field work during periods of low temperatures
and high winds should be conducted to minimize the possibility of hypothermia. The following protocols
are to be followed:

The SSO wi

Workers will dress as warmly as possible using the principle of layering their clothing to
maximize protection.

Gloves should be worn when handling metal equipment.
At the discretion of the SSO, work tours will be limited to minimize exposure to the cold.

Warm shelter will be made available for workers during breaks. Use of vehicles for warm
shelter is discouraged due to the possibility of carbon monoxide exposure.

Il carefully observe workers for signs of hypothermia/frostbite.

EISOPQAM
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Site Control

Site control servesto minimize exposure to contaminants and isaccomplished by: 1) providing site
security to exclude unnecessary personnel; 2) limiting the number of workers and equipment on-site to the
minimum required for effective operations; 3) conducting operations to reduce personal exposure and
minimize the potential for airborne dispersion; and 4) implementing decontamination procedures.

Work Zones

To control access of personnel and equipment to possible contaminants, the sitewill be divided into
work zones. Three categories of zones and one command post are utilized. For all operations except Level
D, work zones will be designated as follows:

1. Support Zone -- Along with the command post, this is the outermost boundary of the site.
Contamination of personnel and equipment in this areais unlikely.

2. Contamination Reduction Zone-- Thisareaservesasacorridor between the exclusion zoneand
the support zone. All personnel and equipment passing through thiscorridor fromtheexclusion
zone to the support zone must undergo appropriate decontamination.

3. Exclusion Zone -- Thisis an area within the support zone, where actual operations are being
conducted. Access to this area is limited to personnel and equipment being utilized at that
particular time. The risk of contamination in this areais high.

Decontamination

Prior to exiting a hazardous waste site, al personnel and equipment (as needed) must undergo a
thorough decontamination. The purpose of this decontamination is twofold. First, it minimizes the
transportation of hazardous wastesfromasite. Second, it protectsworkersfrom exposure which may occur
while they are removing their protective equipment.

Decontamination must be conducted in an organized, stepwise manner. If certain pieces of the
protective equipment are removed prior to the elimination of potential problems by decontamination, the
worker may suffer damage dueto inhalation or skin contact with contaminants. It isthereforeimportant that
persons doing the decontamination work know the proper proceduresand the order in which to performthem
to insure that such potential personal injuries do not occur. It is also important that site workers avoid
contaminating themselves until after they have been cleared to exit the contamination reduction zone.

Decontamination procedures will generate a quantity of hazardous waste (e.g., contaminated
solvents, disposable equipment, etc.) called investigation derived waste - IDW. This material must be
handled and disposed of in accordance with Section 5.15.
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Level A Decontamination Procedures

Level A operations pose a possibility of hazardous exposure to decontamination workers. Dueto

the nature of Level A work, personnel in the exclusion zone arelikely to have contacted high concentrations
of hazardous materials which remain on their protective equipment. Therefore, decontamination workers
are required to perform their duties in Level B protection. Following are the Level A decontamination
procedures:

1.

Immediately upon leaving the exclusion zone, site workers will place all sampling equipment at a
designated area provided at thefirst station. The areawill be covered with disposable plastic. Site
workers will then proceed to the first decontamination wash tub where their suit, boots, and outer
gloveswill bethoroughly scrubbed with the appropriate cleaning sol ution (usual ly alkaline soap and
water). Long handle brushes will be provided for use by the decontamination workers.
Decontamination workers should avoid touching the site workers until after they have cleared the
rinse station.

Site workers' boots and outer gloves will usually be the most contaminated items. Therefore, this
step of the decontamination procedure will be accomplished by using soap and water from the
washtub/bucket and abrush whichisstored in the tub/bucket. Inthisstep, only the bootsand gloves
of the site worker will be scrubbed. The site workers' suits will be scrubbed using a cleaning
solution from a pump sprayer and a brush which is not alowed to contact the more contaminated
contents of the washtub/bucket.

After clearance from the decontamination personnel, the site worker will proceed to the rinse water
washtub/bucket. At thislocation, the decontamination personnel will scrub the site workers' boots
and outer gloves with water from the washtub/bucket using along handle brush. The site workers
suits will be rinsed with water from a pump sprayer, scrubbed with a brush which has not been
allowed to contact the contaminated water in the washtub/bucket, and finally rinsed a second time
with water from a pump sprayer.

Once cleared by the decontamination personnel, the site worker will exit the rinse tub/bucket area
and proceed to a location where the outer gloves and boot covers (if used) will be removed and
discarded. Having been decontaminated, the site worker will exit the contamination reduction
corridor and enter the support zone. The support zone will be located a distance of at |east 25 feet
upwind of the last station in the contamination reduction corridor.

Oncein the support zone, the site workers may receive afresh cylinder of air, new outer gloves, and
new boot covers and return through the contamination reduction corridor to the exclusion zone. |If
thereisto be noimmediate return to the exclusion zone, siteworkerswill proceed to thelast station.
At thislocation, siteworkerswill removetheir bootsfirst, and then removethe suit. Followingthis,
SCBAsand cool vests (if used) will beremoved. Each siteworker will then cleantheir SCBA masks
with a soap and water rinse, followed by cleaning the inside of the mask with an alcohol wipe.
Finally, the site workers will remove their inner glove systems which will be discarded.

Decontamination personnel for Level A operations will themselves require decontamination prior
to entering the support zone. Decontamination personnel will perform decontamination on each
other. A decontamination line separatefromtheLevel A decontamination linewill be set up for this
purpose. Procedures used on this decontamination line will be those given for Level B
decontamination. Under no circumstances will decontamination personnel attempt to perform
personal decontamination in the Level A decontamination line.
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Level B Decontamination Procedures

Level B operations pose a limited risk of exposure to decontamination personnel. Level B site

workers often exit the exclusion zonewith moderate level s of contamination on their outer glovesand boots.
To alesser extent, contamination may be present on their splash suits. To protect against exposure to this
contamination, decontamination workers will perform their functionsin Level C protection.

1.

Upon exiting the exclusion zone, siteworkerswill placeall equipment in adesignated areaprovided
at thefirst station. Theareawill be covered with disposable plastic. Following the equipment drop,
site workers will proceed to the first decontamination washtub/bucket area where their boots and
outer gloves will be thoroughly scrubbed with the appropriate cleaning solution (usually alkaline
soap and water). Long handle brushes will be provided for use by the decontamination workers.
While at the first decontamination washtub/bucket area, decontamination workers will not attempt
toscrubthesiteworkers suitsabove chest height. Thisprocedureisto prevent the cleaning solution
carrying contaminants from splashing into the open facial area of the impermeable suit. When
scrubbing the impermeabl e suit and SCBA equipment bel ow chest level, decontamination workers
will apply water from apump sprayer and use long handle brusheswhich have not comeinto contact
withthewater inthewashtub/bucket. Following thisstep, decontaminationworkerswill clean areas
of theimpermeable suit and SCBA above chest level as necessary with paper towel swetted with the
cleaning solution from the pump sprayers. Immediately following this step, the decontamination
workers will discard their outer gloves and don clean ones. Areas above chest level of the site
workers will then be rinsed with clean water from a pump sprayer.

Once cleared from the first decontamination washtub/bucket area, site workers will then step into
the rinse water washtub/bucket. At thislocation, decontamination workers will thoroughly scrub
the site workers boots and gloves with water from the washtub/bucket using a long handle brush.
The site worker will then be rinsed with water from a pump sprayer. Following this, the
decontamination workers will thoroughly scrub site workers (below chest level only) with along
handle brush which is not allowed to contact the contaminated water in the washtub/bucket. Site
workers will be rinsed a second time with water from a pump sprayer.

Once cleared by decontamination personnel, siteworkerswill exit the rinse tub/bucket and proceed
to a location where the outer gloves and boot covers (if used) will be removed and discarded.
Having been decontaminated, site workerswill exit the contamination reduction corridor and enter
the support zone. The support zone will be located a distance of at |east 25 feet upwind of the last
station in the contamination reduction corridor.

Onceinthe support zone, siteworkersmay receive afresh cylinder of air, new outer glovesand boot
covers then return through the contamination reduction corridor to the exclusion zone. If thereis
to be no immediate return to the exclusion zone, the site workerswill proceed to the last station. At
thislocation, site workers will remove their boots first, then remove their SCBA. Following this,
theimpermeabl e suit and cool vest (if worn) will beremoved. Each siteworker will then clean their
SCBA mask with a soap solution and water rinse, followed by cleaning the inside of the mask with
an alcohol wipe. Finally, the site workers will remove their inner gloves and discard them.

Decontamination personnel for Level B operations will require a minimal amount of
decontaminati on before exiting the contamination reduction zone. Thisdecontaminationwill consist
of a boot rinse in the rinse water washtub/bucket (not the decontamination cleaning solution
washtub/bucket), followed by removing the outer gloves and discarding them. If boot covers are
worn by decontamination personnel, the boot rinse can be eliminated and the covers can simply be
removed and discarded. Decontamination workers can then enter the support zone where new
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respirator cartridges, outer gloves, and boot covers can be obtained for return to the contamination
reduction corridor. If noimmediate return to the corridor is anticipated, decontamination workers
can remove their respirators and clean them in a soap wash and water rinse, followed by cleaning
theinside of the mask with an alcohol wipe. Their inner gloveswill then be removed and discarded.

Level C Decontamination Procedures

Level C operationsdo not poseasignificant risk of exposureto decontaminationworkers. Therefore,
Level D protection isall that isrequired to be worn when performing decontamination functions.

1 Upon exiting the exclusion zone, site workers will place their equipment in a designated area
provided at the first decontamination station. The area will be covered with disposable plastic.
Followingthis, they will proceed to adecontamination cleaning sol ution washtub/bucket areawhere
decontamination personnel will scrub their boots with along handle brush. Once cleared from the
cleaning solution washtub/bucket area, the site worker will step into awater rinse washtub/bucket.
Uponleaving thewater rinsetub/bucket, siteworkerswill removetheir outer glovesand boot covers
(if used) and discard them.

2. Site workers are then clear to enter the support zone where they may obtain new respirator
cartridges, outer gloves, and boot coversfor return to the exclusion zone. If animmediatereturnis
not anticipated, site workers may remove their respirators. Respirators will be washed in soap
solution and rinsed in water. Following this, the inside of the respirators will be cleaned with an
alcohol wipe. Finaly, site workerswill remove and discard their inner gloves.

3. Decontamination personnel may exit the contamination reduction corridor without havingto conduct
any decontamination upon themselves other than to remove and discard their gloves.
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FIGURE 4-1
DECONTAMINATION ZONE FOR LEVELS A AND B
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FIGURE 4-2
DECONTAMINATION ZONE FOR LEVEL C
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Site Safety Plans

Site safety planswill be developed for every hazardous waste site project conducted. The plan will
usetheformincluded in this section. MSDSswill be attached for contaminants anticipated at the site. The
plan will be submitted to the Branch safety officer and the OHSD for approval.

Prior to commencing site activities, investigators will be briefed on the contents of the safety plan.
The plan's emergency instructions and directions to the closest hospital will be posted in a conspicuous
location at the site command post and in each field vehicle. When there is more than one organization
involved at the site, the development of the safety plan should be coordinated among the various groups.
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**EXHIBIT 4.1
SITE SAFETY PLAN

SAFETY PLAN
Site Name: Contact:
Address:
Phone Number:
Purpose of Visit:
Proposed Date of Work:
Directionsto Site:
SITE INVESTIGATION TEAM:
PERSONNEL * SAFETY CATEGORY RESPONSIBILITIES
* All employees have been trained/medically monitored in accordance with OSHA 29
CFR 1910.120 requirements and US-EPA Region 1V Field Health and Safety Manual,
1990 edition.
PLAN PREPARATION:
Prepared by: Date
Reviewed/Approved by: Date
Section Chief: Date
SITE STATUS:
Active Inactive Unknown
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EMERGENCY INFORMATION:

Local Resources:

Ambulance (Name): Phone:
Hospital (Name): Phone:
Police (Local or State): Phone:
Fire Department: Phone:

Office Resources:

OFFICE/POINT of CONTACT WORK PHONE HOME PHONE
SESD Office - Haz, Waste Section (706) 355-8603
EPA - Emergency Response - Atlanta (404) 562-8700
SHEM - Betty Kinney (706) 355-8511 (770) 725-2023
Branch Safety Officer - Jim Gray (706) 355-8613 (706) 742-8467

EMERGENCY CONTACTS:

Poison Control Center Phone: (800) 282-5846

National Response Ctr (ENVIRONMENTAL EMERGENCY ONLY) | Phone: (800) 424-8802

Directionsto Hospital (Attach Map if Available):

SAFETY AND HEALTH RISK ANALY SIS

Waste Types/Chemicals (Attach MSDS for each):
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HAZARD EVALUATION:

Known or Suspected Hazardous/Toxic Materials (If applicable include: PEL/IDLH and/or
TLV-TWA/TLV-STEL, LEL, flammability, odor, reactivity, stability, corrosivity)

OVERALL HAZARD:

SERIOUS MODERATE LOW UNKNOWN

SITE PERIMETER ESTABLISHMENT:

M ap/Sketch attached?

Perimeter identified?

Zone(s) of contamination identified?

RECOMMENDED LEVEL(S) OF PROTECTION:

Level of Protection: LEVEL A LEVEL B LEVEL C LEVEL D
(check those that apply)

Modifications;

Respiratory:

Field Dress:

Monitoring Procedures/Equipment*:

TVA® 1000 PID/FID OVA® FID
Rae® PID MicroTip® PID
CN Monitor Halogen
Radiation Survey Meter LEL/Oxygen
Other, Specify:

*All instruments are calibrated in accordance with the U.S. Environmental Protection Agency,
Region 4, Environmental Investigations Standard Operating Procedures and Quality Assurance
Manual, May 1996, or according to the manufacturer's specifications.
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Method of Air Surveillance:

Additional Site Specific Information/Stipul ations:

Site Decontamination Procedures:

Confined Space Entry (check one) YES NO
If yes, define procedures to be used:
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AUGERING and DRILLING OPERATIONS:

Underground Utilities:

All underground utilities must be located prior to commencement of drilling operations involving the
drill rig and power augers. Complete the underground utilities checklist below and prepare a site map
showing the locations of all underground utilities identified.

UTILITY LOCATOR/CONTACT PERSON PHONE # DATE of
LOCATION

Power:

Telephone: *

Gas:

Water:
Sewer:
Other:

* Include non-AT&T lines such as Sprint, MClI, etc.

Above Ground Utilities:

All above ground utilities must be located prior to commencing drilling/augering activities. A
map will be prepared showing the locations of all power lines, telephone lines, video cables, guy
wires, and other objects which could pose a hazard to personnel operating the drill rig, power
auger, or hand auger with multiple extensions. The SSO will insure that all operations are kept
well clear of such hazards.

DAILY CHECKS:

Check all proposed drilling locations with a pipe-seeker. Asaminimum, the first three feet of a
power bored hole will be dug using a post hole digger/hand auger. Personnel involved in the
drilling will wear eye and head protection in addition to normal safety gear appropriate for the
required level of protection. The SSO will insure that all personnel remove watches, rings, and
other jewelry, as well as securing loose fitting or dangling articles of clothing while in the
vicinity of the drilling operations. Additionally, the SSO will insure that a 90-degree clear zoneis
maintained for aradius of at least 6 feet behind the drill rig. The following itemswill be visually
checked daily by the designated driller.

1. All control mechanisms for adjustment, wear and lubrication.
2. Guy wire tension

3. Air and hydraulic systems for deterioration or |eakage.

4. Rope reeving.

5. Hoist brakes, clutches and operating levers.

6. Kill switches.
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437 Boating Operations

The skipper must be familiar with the capabilities of their vessel (care and maintenance of
engines, batteries, emergency procedures, and rules of navigation as prepared by the United States Coast
Guard). The skipper isresponsible for everything that happens on the vessel.

When participating in field work, make sure that your field party knows where you will be
working (a*“float plan”) and the expected hour of your return.

When deploying equipment on station make sure that it is secured and not a danger to fellow
workers. When the vessel is underway all equipment should be placed in the boat and secured.

Boats need to be checked out through the Boat Log in F107.

Upon return to the SESD facility, al temporary/portable gas cans must be removed from the
boats and placed in the Boat Hotel Hazardous Materials Building.

Consumption of alcohol will not be permitted on any boat at any time.

Smoking will not be permitted on any boat at any time.

The law prohibits the throwing, discharging, or depositing of any refuse matter of any kind
(including trash, garbage, oil or hazardous substances into the waters of the United Statesto a

distance of three miles from the coastline.

Required Equipment:

Outboard motorboats less than 26 feet in length which are so constructed that entrapment of
flammabl e vapors cannot occur are not required to carry fire extinguishers but they are recommended and
should be capable of extinguishing fires involving flammable liquids and grease (class “B” fires).

1) all recreational boats |ess than sixteen (16) feet in length, including sailboats and rowboats,
and all kayaks and canoes, carry at least one Coast Guard Approved Typel, 11, Il or IV
Personal Flotation Device (PFD) for each person on board, and

2) all recreational boats sixteen (16) feet or over in length, including sailboats and rowboats,
carry at least one Typel, I, or Il (wearable) PFD for each person on board and one Type IV
(throwable) PFD in each boat. Weather or working conditions may dictate the wearing of
PFD’s.

All recreational boats 16 feet or more are required to be equipped with visual distress signaling
devices (VDS) at al times when operating on coastal waters. Also, boats less than 16 feet long are
required to carry visual distress signals when operating on coastal watersat night. Coastal waters are
defined as (1) The ocean (territorial sea) (2) The Great Lakes (3) Bays or sounds that empty into those
waters, and (4) Rivers over two miles across at the mouth, upstream to a point where they narrow to two
miles. The simplest VDS is abright orange flag bearing a black square and a black circle (other forms
can be found in the U.S. Coast Guard Auxiliary Boating Skills and Seamanship).
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Trailering:
Trailering of boats

1. Make sure to use the proper class of hitch for the weight of the trailer being towed;

2. Check to have the proper size coupler for the ball being used;

3. Trailer must have safety chains;

4. A tire-pressure gauge should be used to check tire pressure frequently;

5. Running lights, brake lights and turn signals should be functioning;

6. Every unattached piece of gear in the trailered boat should be firmly secured, and the  boat
itself should be firmly lashed in place;

A more detailed description of boating regulations and safety can be found in the United States
Coast Guard Auxiliary Manual _Boating Skills and Seamanship. ISBN #0-930028-03-1
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**EXHIBIT 4.2
FLOAT PLAN

Complete this plan, before going boating and leave it with areliable person who can be
depended upon to notify the Coast Guard, or other rescue organization, should you not return as
scheduled. Do not file this plan with the Coast Guard.

PROJECT DATES (if overnight, date returning)
1. NAME OF PERSON REPORTING
TELEPHONE NUMBER
BOAT MAKE COLOR LENGTH ENGINES OCCUPANTS
Wahoo White 26 IB
Privateer White 24 20B
Parker White 23 20B
Parker White 21 OB
Mako White 20 OB
Privateer White 18 OB
Shocker Tan 18 OB
Shocker Gray 16 OB
Jon Gray 14 OB
Jon Gray 12 OB
4. TRIPEXPECTATIONS: LEAVE AT (TIME)
FROM
GOING TO
EXPECTED TO RETURN BY (TIME)
AND IN NO EVENT LATER THAN (TIME)
5. IFNOT RETURNED BY (TIME), CALL THE COAST GUARD, OR
LOCAL AUTHORITY) TELEPHONE NUMBERS
6. SURVIVAL EQUIPMENT: (CHECK AS APPROPRIATE)
PFDs FLARES MIRROR SMOKE SIGNALS EPIRB
CLOTHING FLASHLIGHT FOOD PADDLES
WATER OTHERS ANCHOR RAFT OR DINGHY

7. RADIO: YES NO
TYPE FREQS.

8. ANY OTHER PERTINENT INFO:

9. FOR SINGLE BOAT OPERATION: AUTOMOBILE LICENSE TYPE
TRAILER LICENSE COLOR/MAKE OF

AUTO
WHERE PARKED

10. OTHER:
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4.3.8 FIELD PROCEDURES FOR HANDLING PATHOGENIC SAMPLES:

Whenever there is a possibility that water, soil or sediment may contain pathogenic materials all
precautions should be taken to prevent exposure to those collecting and handling the samples.

1. L atex/neoprene gloves shall be worn, as well as boots, waders, and respirators when
necessary, for the collection of possible pathogenic samples.

2. After sample collection, gloves will be contained and boots, waders, equipment, etc. used in
the sample collection will be decontaminated with soap and water. Hands will be
thoroughly washed before proceeding to other tasks.

3. Sampl e containers shall be cleaned on the outside to help eliminate contamination of
handlersin the laboratory and placed in containment if necessary.
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SECTION 5
SAMPLING DESIGN AND QUALITY ASSURANCE PROCEDURES

SECTION OBJECTIVES:

*  Define planning and quality assurance elements that must be incorporated in all sampling
operations.

»  Define sampling site selections and collection procedures for individual media.

»  Define sampling quality assurance procedures.

51 I ntroduction

This section discusses the standard practices and procedures used by Branch personnel during field
operations to ensure the collection of representative samples. Sampling activities conducted by field
investigators are conducted with the expectation that information obtained may be used for enforcement
purposes, unless specifically stated to the contrary in advance of thefield investigation. Therefore, correct
use of proper sampling proceduresis essential. Collection of representative samples depends upon:

» Ensuring that the sample is representative of the material being sampled.

» Theuse of proper sampling, sample handling, preservation, and quality control techniques.
52 Definitions

Sample-- part of alarger lot, usually an area, a volume, or a period of time.

Representative Sample -- a sample that reflects one or more characteristics of a population.

Sample Representativeness -- the degree to which a set of samples defines the characteristics of a
population, where each sample has an equal probability of yielding the same resullt.

Variability -- the range or “distribution” of results around the mean value obtained from samples
within a population. There are three types of variability which must be measured or otherwise
accounted for in field sampling.

1. Tempora Variahility

Temporal variability isthe range of results due to changes in contaminant concentrations over
time. An example would be the range of concentrations obtained for a given parameter in
wastewater samples collected at different times from an outfal where contaminant
concentrations vary over time.
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2. Spacial Variability

Spacia variability is the range of results due to changes in contaminant concentrations as a
function of their location. An example would be the range of concentrations obtained for a
given parameter in surface soil fromasitewherediscreet "hot spots” are present dueto localized
releases of contaminants on otherwise uncontaminated soil.

3. Sample Handling Variability
Sample handling variability isthe range of results dueto the sample collection and handling by
the sampler. This variability manifests itself as a positive bias due to errors such as unclean
sampling equipment, cross contamination, etc., or anegative bias dueto improper containersor
sample preservation.

Accuracy -- ameasure of agreement between the true val ue and the measured value of aparameter.

Precision -- measure of the agreement among individual measurements of a sample.

Bias-- consistent under or over-estimation of thetrue value due to sampling errors, sample handling
errors, or analytical errors.

Grab Sample -- an individual sample collected from asingle location at a specific time or period of
time. Grab samples are generally authoritative in nature.

Composite Samples -- a sampl e collected over atemporal or spacial range that typically consists of
aseriesof discrete, equal samples (or “aiquots’) which are combined or "composited”. Four types
of composite samples are listed below:

1. TimeComposite (TC) - asample comprised of avarying number of discrete samples (aliquots)
collected at equal timeintervalsduring the compositing period. The TC sampleistypically used
to sample wastewater or streams.

2. How Proportioned Composite (FPC) - asample collected proportional to the flow during the
compositing period by either atime-varying/constant volume (TV CV) or time-constant/varying
volume (TCVV) method. The TV CV method istypically used with automatic samplersthat are
paced by aflow meter. The TCVV method isamanual method that individually proportions a
series of discretely collected aliquots. The FPC istypically used when sampling wastewater.

3. Areal Composite- sample composited from individual, equal aliquots collected on an areal or
horizontal cross-sectional basis. Each aiquot is collected in an identical manner. Examples
include sediment composites from quarter-point sampling of streams and soil samples from
within grids.

4. Vertica Composite - a sample composited from individual, equal aliquots collected from a
vertical cross section. Each aliquot is collected in an identical manner. Examples include
vertical profiles of soil/sediment columns, lakes, and estuaries.
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Quality Control Samples

Quality control samples are collected during field studies for various purposes which include the
isolation of site effects (control samples), define background conditions (background sample), evaluate
field/laboratory variability (spikes and blanks, trip blanks, duplicate, split samples).

The definitions for specific quality control samples are listed below:

Control Sample -- typically a discrete grab sample collected to isolate a source of contamination.
Isolation of asource could require the collection of both an upstream sample at alocation wherethe
medium being studied isunaffected by the site being studied, aswell asadownstream control which
could be affected by contaminants contributed from the site under study.

Background Sample -- asample (usually agrab sample) collected from an area, water body, or site
similar to the one being studied, but located in an area known or thought to be free from pollutants
of concern.

Split Sample -- asample which has been portioned into two or more containersfrom asingle sample
container or sample mixing container. The primary purpose of asplit sampleisto measure sample
handling variability. A split sample will also measure inter-or intra-laboratory precision.

Duplicate Sample -- two or more samples collected and representative of agiven population. The
purpose of aduplicate sampleisto estimate the variability of agiven characteristic or contaminant
associated with a population.

Trip Blanks -- a sample which is prepared prior to the sampling event in the actual container and is
stored with the investigative samples throughout the sampling event. They are then packaged for
shipment with the other samples and submitted for analysis. At no time after their preparation are
trip blanks to be opened before they reach the laboratory. Trip blanks are used to determine if
samples were contaminated during storage and/or transportation back to the laboratory (a measure
of sample handling variability resulting in positive biasin contaminant concentration). If samples
are to be shipped, trip blanks are to be provided with each shipment but not for each cooler.

Spikes,(also known as proficiency test (pt) samples)-- a sample with known concentrations of
contaminants. Spike samples are often packaged for shipment with other samples and sent for
analysis. At notime after their preparation are the sampl e containersto be opened before they reach
the laboratory. Spiked samples are normally sent with each shipment to contract laboratories only.
Spiked samples are used to measure bias due to sample handling or analytical procedures.

Equipment Field Blanks -- a sample collected using organic-free water which has been run
over/through sample collection equipment. These samples are used to determine if contaminants
have been introduced by contact of the sample medium with sampling equipment. Equipment field
blanks are often associated with collecting rinse blanks of equipment that has been field cleaned.

Temperature Blanks -- a container of water shipped with each cooler of samples requiring
preservation by cooling to 4°C (ice). The temperature of the blanks are measured at the time of
sample receipt by the laboratory. No temperature blank is necessary for samples designated as
“waste’.
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Preservative Blanks-- asamplethat isprepared in thefield and used to determineif the preservative
used during field operations was contaminated, thereby causing a positive bias in the contaminant
concentration. On studiesof short duration, usually only apost-preservative blank is prepared at the
end of al sampling activities. On studies extending beyond one week, a pre-preservative blank
should also be prepared prior to beginning sampling activities. At the discretion of the project
leader, additional preservative blankscan beprepared at i nterval sthroughout thefield investigation.
Theseblanksare prepared by putting organi c/anal yte-freewater inthe contai ner and then preserving
the sample with the appropriate chemical.

Field Blanks -- asample that is prepared in the field to evaluate the potential for contamination of
asample by site contaminants from a source not associated with the sample collected (for example
air-borne dust or organic vapors which could contaminate a soil sample). Organic-free water is
taken to thefield in sealed containers or generated on-site. Thewater ispoured into the appropriate
sample containers at pre-designated locations at the site. Field blanks should be collected in dusty
environments and/or from areas where volatile organic contamination is present in the atmosphere
and originating from a source other than the source being sampled.

Material Blanks-- samplesof sampling materials (e.g., material used to collect wipe samples, etc.),
construction materials(e.g., well construction materials), or reagents(e.g., organic/analytefreewater
generated in the field, water from local water supplies used to mix well grout, etc.) collected to
measure any positive bias from sample handling variability. Commonly collected material blanks
are listed below:

Wipe Sampl e Blanks -- a sample of the material used for collecting wipe samples. The material
is handled, packaged, and transported in the same manner as al other wipe samples with the
exception that it is not exposed to actual contact with the sample medium.

Grout Blanks -- a sample of the material used to make seals around the annular space in
monitoring wells.

Filter Pack Blanks -- a sample of the material used to create an interface around the screened
interval of amonitoring well.

Construction Water Blanks -- a sample of the water used to mix or hydrate construction
materials such as monitoring well grout.

Organic/Analyte Free Water Blanks-- asamplecollected from afield organic/anaytefreewater
generating system. The sampleisnormally collected at the end of sampling activities since the
organic/analyte freewater systemisrecharged prior to use on astudy. Onlarge studies, samples
can be collected at intervals at the discretion of the project leader. The purpose of the
organic/analytefreewater blank isto measure positive biasfrom samplehandling variability due
to possible localized contamination of the organic/analyte free water generating system or
contamination introduced to the sample containers during storage at the site. Organic/analyte
free water blanks differ from field blanks in that the sample should be collected in as clean an
area as possible (a usual location for the organic/analyte free water system) so that only the
water generating system/containers are measured.
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53 Sampling Design
5.3.1 Introduction

Development of a sampling design may follow the seven steps outlined in the EPA publications,
"Guidancefor the Data Quality ObjectivesProcess’ (1) and " DataQuality ObjectivesProcessfor Hazardous
Waste Sites’ (2). The Data Quality Objectives (DQOs) process is a logical step-by-step method of
identifying the study objective, defining the appropriate type of datato collect, clarifying the decisionsthat
will be based on the datacollected, and considering the potential limitationswith alternate sampling designs.

Investigations may be executed without completing the DQO process step-by-step; however, the basic
elements of the DQO process should be considered by the project leader for each investigation.

Sampling designs are typicaly either non-probabilistic (authoritative sampling designs) or
probabilistic (random sampling designs) in nature. The sampling design ultimately must meet specific study
objectives. Thelocation and frequency of sampling (number of samples) should be clearly outlined in the
sampling design, as well as provisions for access to al areas of the site, the use of special sampling
equipment, etc. Development of the sampling design in the context of DQOs and sampling optimization are
discussed in the ASTM documents "Standard Practice for Generation of Environmental Data Related to
Waste Management Activities: Development of Data Quality Objectives' (3), and " Standard Guide for the
Generation of Environmental DataRel ated to Waste Management Activities: Quality Assuranceand Quality
Control Planning and Implementation” (4).

5.3.2 Representative Sampling

A "representative sample” is often defined as a sample that reflects one or more characteristics of
the population being sampled. For example, the characteristic which isdesired to bereflected by the sample
may be the average, minimum, or maximum concentration of a constituent of concern. Ultimately a
representative sampleis defined by the study objectives. For instance, the objective of the study may beto
determine the maximum concentration of lead in the sludge from a surface impoundment. One sample
collected near theinlet to theimpoundment may providethat information. The collection of arepresentative
sample may be influenced by factors such as equipment design, sampling techniques, and sample handling.

5.3.3 Stratification and Heterogeneous Wastes

Environmental media, as well as waste matrices, may be stratified, i.e., different portions of the
population, which may be separated temporally or spatially, may have similar characteristics or properties
which are different from adjacent portions of the population. An example would be alandfill that contains
atrench which received an industrial waste contaminated with chromium. The trench would be considered
a strata within the landfill if chromium was the contaminant of concern. A special case, "stratification by
component", is often observed with waste matrices when the constituent of interest is associated with one
component of the matrix. An example would be slag contaminated with lead that is mixed with otherwise
uncontaminated firebrick. Thustheleadisstratified by component, that being the slag. Stratified sampling
designs are discussed later which incorporate independent sampling of each strata, thereby reducing the
number of samples required.

Some environmental and waste matrices may be, for purposes of the field investigation,
homogeneous (for instance the surface water in alimited segment of asmall stream). If the composition of
the matrix and the distribution of contaminants are known, or can be estimated, less sampling may be
necessary to define the properties of interest. An estimate of the variability in contaminant distribution may
be based on knowledge, or determined by preliminary sampling. The more heterogeneous the matrix, the
greater the planning and sampling requirements.
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A population could also have very localized strata or areas of contamination that are referred to as
"hot spots’. Specific procedures for hot spot identification and characterization are available in Statistical
Methods for Environmental Pollution Monitoring (5).

5.34  Specific Sampling Designs

Sampling strategies used by the Branch typically fall into two general groups: authoritative or
probabilistic. Authoritative (also known as directed, subjective, and/or biased) approachestypicaly rely
on the judgement and experience of the investigators, as well as available information on the matrix of
concern. Probabilistic, or "statistical" approaches may be appropriate when estimates on uncertainty and
specific confidence levelsin theresults are required. The probabilistic approachesinclude: simple random
sampling, stratified random sampling, and systematic grid sampling. The main feature of a probabilistic
approach isthat each location at the site has an equal probability of being sampled, therefore statistical bias
isminimized. Professional judgement should always be used to devel op both authoritative and probabilistic
sampling designs.

5.3.5 Determining the Number of Samplesto Collect

The number of samples to collect as part of a sampling design will typically be based on several
factors, e.g., the study objectives, propertiesof the matrix, degree of confidence required, accessto sampling
points, and resource constraints. Practical guidance for determining the number of samplesisincluded in
several documentsincluding the ASTM document Standard Guide for General Planning of Waste Sampling
(6), the US-EPA document Characterization of Hazardous Waste Sites- A MethodsManual, Volume 1 - Site
Investigations (7), the US-EPA document Guidance of Choosing a Sampling Design for Environmental Data
Collection (8) and Statistical Methods for Environmental Pollution Monitoring by Richard O. Gilbert (5).

5.3.6 Authoritative Sampling

Authoritative samplingisbased on thejudgement of theinvestigator, and doesnot necessarily result
in asamplethat reflectsthe average characteristics of the entire matrix. There aretwo types of authoritative
designs: judgmental samplingand biased sampling. Judgmental sampling usestheknowledgeand experience
of theinvestigator to attempt to derive “average” conditions at asite. In contrast, biased sampling attempts
to determine the maximum or minimum value for contaminant of concern. Biased sampling often focuses
on"worst case" conditionsinamatrix, for example, the most visually contaminated areaor the most recently
generated waste.

The primary advantages of authoritative sampling are the designs tend to be quick and simple to
implement, and thedesignshaverelatively low costs. Authoritativesamplingisideally suited for siteswhere
contaminants of concern greatly exceed, or are significantly below, predetermined action levels. Because
the experience of the investigator is often the basis for sample collection, personal bias (depending on the
study obj ectives) may beintroduced and should be recognized asapotential problem. However, preliminary
or screening investigations, and certain regulatory investigations, will correctly employ authoritative
sampling.

5.3.7 Simple Random Sampling

Simple random sampling insures that each element in the population has an equal chance of being
included in the sample. Thisis often be the method of choice when, for purposes of the investigation, the
matrix is considered homogeneous or when the population is randomly heterogeneous. |If the population
contains trends or patterns of contamination, a stratified random sampling or systematic grid sampling
strategy would be more appropriate.
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5.3.8 Systematic Sampling over Time or Space

Systematic sampling over time at the point of generationisuseful if the material was sampled from
awastewater sewer, amaterialsconveyor belt, or being delivered viatruck or pipeline. Thesamplinginterval
would be determined on atime basis, for example every hour from a conveyor belt or pipeline discharge, or
from every third truck load. Systematic sampling over space might involve the collection of samples at
defined intervals from a ditch, stream, or other matrix that is spatially unique.

539 Stratified Random Sampling

Stratified random sampling may be useful when distinct strata or "homogeneous sub-groups" are
identified within the population. Thestratacould belocated in different areas of the population, or the strata
may be comprised of different layers. Thisapproach isuseful when the individual stratamay be considered
internally homogeneous, or at least have lessinternal variation, in what would otherwise be considered a
heterogeneous population. Information on the siteisusually required to establish the location of individual
strata. A grid may be utilized for sampling several horizontal layersif the strata are horizontally oriented.
A simple random sampling approach is typically utilized for sample collection within each strata. The use
of astratified random sampling strategy may result in the collection of fewer samples.

5.3.10 Systematic Grid Sampling

Systematic grid sampling involves the collection of samples at fixed intervals when the
contaminationisassumed to berandomly distributed. Thismethodiscommonly used with popul ationswhen
estimating trends or patternsof contamination. Thisapproach may not be acceptableif the entire population
is not accessible, or if the systematic plan becomes "phased" with variations in the distribution of
contaminants within the matrix. This approach may also be useful for identifying the presence of strata
within the population. Thegrid and starting points should be randomly laid out over the site, yet the method
alowsfor rather easy location of exact samplelocationswithin each grid. Also, thegrid sizewouldtypically
be adjusted according to the number of samples that are required.

5.3.11 Adaptive Cluster Sampling

Adaptive sampling designs are ones in which additional decisions units or sample locations are
sel ected depending on the interpretation of measurements or observations made during aninitial survey (8).
Additional samplelocations are sel ected when acontaminant of concernin oneor more units exceeds some
predetermined action level in the initial survey. Adaptive cluster sampling is a beneficial design for sites
whereacontaminant of concernissparsely distributed but highly concentrated. Simplerandom or systematic
grid sampling can be used in conjunction with adaptive cluster sampling designs.
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54 General Considerationsfor Sampling Designs

Prior to commencing work on any proj ect, the objective of the study in terms of the purposethe data
generated isto serve should be known. Some examples of uses for which data are generated include:

RCRA waste identification investigations;

RCRA or Superfund screening investigations (presence or absence of contaminants);
Superfund Remedia Investigations, Removal Actions, or Feasibility Studies;
Surface water and sediment studies,

Wastewater treatment plant evaluations,

Monitoring investigations;

UST/UIC investigations; and

Specia environmental characterization investigations.

The purpose of data collection is to meet the abjectives of the investigation. The process of
designing an investigation typically follows alogical series of steps. Proper evaluation of these steps will
greatly enhance the project leader's ability to choose a design which adequately serves the purpose of the
study. The DQO processmay not be strictly followed, but the el ements of the processare alwaysconsidered
during study planning. These elementsinclude:

State the environmental problem;

Collection of information concerning historical data, site survey, and site history;
Identification of the decision to be made with the data collected;

Identification of data gaps,

Identification of objectives, and investigation boundaries,

Sampling design selection and design optimization;

Sample types and number;

Analytical requirements and limitations; and

Data interpretation and assessment.
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55 Soil Sampling Designs

The objectives of asoil sampling investigation must be clearly defined in terms of the purpose of
the data generated. A discussion of study planning elements that include considerations specific to soil
investigations follows.

5.5.1 Historical Sampling Data, Site Survey, and Site History

Investigations that are used for initial site screening purposes are one of the few cases where
historical sampling data is usually not available. In this case, the purpose of the sampling effort is to
determine the presence/absence of contaminants and if present, to determine their nature. Such a purpose
can be served with aminimum of sampleswhoselocations can be determined from asite survey and areview
of the site history. When designing a soil sampling study for purposes other than site screening, arecord of
previoussampling effortsisusually availablefromwhich arel atively sound foundation of historical sampling
data can be derived.

The site survey isinvaluable for soil sample design. Information which should be obtained during
asite survey includes:

* Generd site layout;

» Site access,

» Sail types and depths;

e Surface water drainage pathways;

» Existing site conditions;

» Visible staining of surface soil;

* Vegetation stress; and

» Possible offsite or non-site related sources.

The site history should include factors such as previous land use both on and nearby the site, types
of industrial operationsconducted both onthe site and on adj oining property, typesof contaminantstowhich
the site has been exposed, and locations of possible dumping/burial areas. The site history can be derived
from property plats, tax records, aerial photos, and interviews with people familiar with the site.

5.5.2 DataQuality Objectives (DQOS)

Consideration of the purposewhichthedatagenerated fromthesoil sampling effortisto servedrives
the selection of DQOs. DQO selection will then be the main factor which determines the types of samples
to be collected, the types of equipment to be used, and the analytical requirements for the samples. See
Section 5.12 for adiscussion of DQOs.

5.5.3 Authoritative Designs for Soil Investigations

When the purpose of the investigation is to determine the presence of contaminants, a simple
strategy can be used. Such a purpose is normally encountered during screening inspections, criminal
investigations, and any other project where the scope is limited to gathering evidence of contamination.
These cases are normally characterized by alack of previous sampling data, thereby requiring that sample
typesand locationsbe determined by site history and asitesurvey. Intheseinstances, an authoritativedesign
isnormally used.
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Authoritative sampling usually involves alimited number of locations (10 to 15) from which grab
samples are collected. Locations are selected where there is a good probability of finding high levels of
contamination. Examples may include areaswhere significant releases or spillage occurred according to the
site history or areas of visible staining, stressed vegetation, or surface drainage are noted in the site survey.
An authoritative design usually involves the selection of two or three control sampling | ocations to measure
possible contaminants migrating onto the site from adj acent sources not involved inthe study. Theselection
of control locationsissimilar to the sel ection of other sampling locations, except that upstream or upgradient
control samples are expected to be unaffected by site contaminants.

Because of the biased nature of an authoritative design, the degree of representativenessisdifficult
to estimate. Authoritative samples are not intended to reflect the average characteristics of the site. Since
determining representativeness is not an issue with this type of design, duplicate samples designed to
estimate variability are not normally collected. However, split samples should be collected to measure
sample handling variability.

An interactive approach may be used in an authoritative design to determine the extent of
contamination on a site when the source can be identified. Samples are typically collected using apattern
that radiates outward fromthe source. Thedirection of contaminant migration may not be knownwhichwill
result in the collection of more samples, and in this case field screening would be desirable to help in
determining appropriate sampling locations.

554 Systematic Grid Sampling Designs for Soil Investigations

In cases where both the presence of contaminants and the extent of contamination needs to be
determined, an authoritative designisinappropriate assite variability cannot be estimated without collecting
an inordinate number of samples. A systematic design is normally used during investigations when
determining the extent of contamination, such as remedial investigations and removal actions.

Onceasite hasreached the stage where the extent of contamination becomesanissue, accessto data
from previous sampling efforts (screening investigations) which used an authoritative design is normally
available. The preliminary data can be used to estimate the variability of contaminant concentrations as a
function of areaand/or depth for purposes of planning the more extensive systematic design. Inthe absence
of previous sampling data a variability study should be conducted. An alternative would be to estimate the
variability, with confirmation of the estimate being made during the more extensive systematic study. If a
variability study is to be conducted, it will be limited in scope and will use certain default values or
assumptions to determine the number of samples to collect for determining site variability. The methods
used for variability studies are included in the following discussion of systematic sampling strategies.

Determination of the Number of Samplesto Collect

When designing asystematic grid sampling investigation, the number of samplesto be collected must
bedeterminedfirst. Thiscan be calculated based on variability information derived from previous sampling
data. Upon review of the historical data, acontaminant or contaminants of concern (COCs) can be sel ected.
COCs are parameters which are closest to or in excess of an action level. Their presence is normally the
driving force behind the need to determine the extent of contamination.
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The following steps are to be followed to determine the number of samples to collect (6):

1

Select amargin of error (p) acceptable for the subsequent use of the data. For soil studies, amargin
of error of 0.20 is not unusual. The margin of error may be obtained by dividing the precision
wanted (in units of concentration; e.g. +10 ppm, etc.) by the known or anticipated mean
concentration of the COCs. Notethat changesin the precision or mean concentration for the COC
relative to those anticipated during the planning process may require are-eval uation of the assumed
margin of error.

A coefficient of variation (CV), which isdefined as the standard deviation of a COC divided by the
mean of the COC, iseither obtained using previous sampling data, or estimated based on anticipated
variability. If aCV above 0.65 is obtained, alarge number of samples will usualy resuilt.

The number of samples required may be minimized by using astratified design if areaswith known
high variability can beidentified and addressed separately from areas of lower variability. Areas of
high variability will require more samples while areas of low variability will require fewer using
the approach outlined in this section. The overall effect will normally be a substantially lower
number of samplesfor the entire site.

A confidencelevel (t,) needsto be established. For work involving hazardous wastes, a confidence
level of 95% should be used. For a95% confidencelevel, afactor of 1.96 (from standard statistical
tables) is used to calculate the number of samples required.

The required number of samplesis calculated using the following formula:

n= 1t*CV)>
p2
Where:
n = number of samplesto collect
t, = statistical factor for a 95% confidence level
cv = coefficient of variation
p = margin or error

In a case where no previous sampling data is available, the default values given in the previous
discussion can be used.

n= (196)%0.65)
(0.20)

n =40 samples

Upon compl etion of the soil sampling effort, the data obtained for the COCsisreviewed. 1t canthen

be determined if an adequate number of samples were collected with respect to the margin of error and
confidence selected during the planning process. This determination is completed by calculating the CV
using the data obtained during the study. The standard deviation of the concentration for aCOC isdivided
by the mean concentration and the CV is calculated. This CV may be higher or lower than the CV selected
during the planning process. Using this CV value, the same equation is used to determine the required
number of samples based on the actual CV for the study. If this second value for "n" isless than or equal
to the number of samples collected during the study, then the site has been characterized for the extent of
COCswithin the limits of confidence and error stated. If the second value for "n" is significantly greater,
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then additional sampling isnecessary, or an adjustment to the margin of error or confidence level should be
considered. If the collection of additional samplesis deemed necessary by the investigation team, the data
that has been generated may be used to plan for amore efficient and cost-effective re-sampling of the site.
Areas of the site where higher than anticipated variabilities were obtained may be segregated from areas of
lower variability (stratified design). A recalculation of the number of samplesrequired to characterize each
strata should then be completed and resampling may proceed.

The following table illustrates the number of samples required at a 95% confidence level with
varying margins of error (p) and coefficients of variation (CV):

Coefficient of Variation (CV)
0.1 0.5 0.65 10 20
Margin of Error (p)
0.1 4 96 162 384 1537
0.2 1 24 40 96 384
0.3 - 10 18 42 170
05 - 4 6 15 61
10 - 1 2 4 15
2.0 - - - 1 4
Number of Samples (n)

Note that as the CV increases at a set margin of error, the number of samples required increases.
Whenthevariability islow (asmeasured by the standard deviation or the squareroot of thevariance) relative
to the mean of the data, then the CV islow. However, asthe variability in the population beginsto increase
relative to the mean of the data, then the CV increases and the number of samples required increases if
characterization of the site at a 95% confidence level and a set margin of error is desired.

A similar relationship is observed for the margin of error. When the precision required (say + 10
ppm lead) is high relative to the mean of the data (say 100 ppm lead), then the margin of error islow (inthis
case 0.1). Inthiscase 162 samples would be required with aCV of 0.65. If the investigators could accept
ahigher margin of error (e.g., = 20%), and the mean concentration of the datais still 100 ppm lead, then the
resulting margin of error (0.2) would result in alower number of required samples. Note that 40 samples
would be required at the same CV of 0.65.

If theinvestigatorschangethe confidencelevel, then thenumbersin thetabl e provided would change
accordingly. If the confidence level is decreased to 80%, then the required number of samplesreflected in
this table would be lower for each margin of error and CV combination.
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Establishment of the Grid

Having determined the number of samplesto collect, the project |eader should then determine how
to disperse the samples within the site. Commonly, agrid systemis used. The number of gridsisequal to
the number of samples required for asystematic grid design. Grids may al so be used to determine sampling
locations when using a random design; however, with this type of design every grid is not sampled.

Thesize of thegridsiscal culated by dividing the areaof the site by the number of samplesrequired.
The product of this calculation isthe area of each grid. By taking the squareroot of the grid area, the length
of agrid sideis determined.

G = (aln)*?
Where:
G = length per side of each individual grid
a = area
n = number of samplesrequired

Thelength of agrid size should be"rounded" down to some number convenient for the method used
inlaying out the grid (e.g., plane survey, geographical positioning system (GPS), etc.). Rounding down the
grid size will increase the number of samples slightly. It is important to remember that the number of
samples calculated is the minimum, and that site conditions may not allow for collection of all samples.
Therefore, additional samples would be appropriate.

Grab vs Composite Samples

When designing asystematic grid sampling investigation, adetermination of whether to collect grab
or composite samples must be made. Grab samples may not adequately describe variability, even within
individual grid cells, and therefore, limit the representativeness of the data set. If the study involvesasmall
areawith grid cellsof 25feet or lessin length, then grab samples could be collected in each grid cell without
significantly affecting the representativeness of thedata. However, most studieshave much larger grids (100
to 500 feet per side). In these cases, composite samples collected within each grid cell result in more
representativedata. It should be remembered that acomposite sample under the best of conditionswill yield
an average value of contaminants within the grid. Composite samples are most appropriate where a
reasonable degree of variability isanticipated, and where soil types are amenabl e to adequate mixing. This
is normally the case when contaminants have been distributed by airborne deposition (relatively
homogeneous distribution across the site). Where localized "hot spots" are present due to releases from
process units, indiscriminate dumping, or the burying of wastes, amore specialized approach that takesthese
types of distribution into account isrequired. Situationswhere the distribution of contaminantsis strongly
non-random (heterogeneous distributions) are the most difficult to plan for and characterize.

Composite samples should consist of five to nine aliquots per sample located on compass points
withinthegrid cell. Greater than nine aliquots per sample can result in dilution of fairly high concentrations
down to avalue below the analytical detection limits. Lessthan 5 aliquots may limit the representativeness
of the sample with no added value over a single grab sample within the grid cell. A certain number of
samples are collected (10 percent of the grid cellsis often selected) during the investigation for variability
determinati ons based on rotating the aliquot distribution pattern on the points of the compasswithinthegrid
cell.
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Surface vs Sub-Surface Samples

The two main considerations for sub-surface soil samples are contaminant mobility and type of
deposition. A contaminant that is relatively immobile in soil will naturally be found in the same areaiin
which it was deposited. Maobile contaminants require specialized consideration of the likely extent of their
migration in order to determine sub-surface soil sampling locations and depths. Airborne deposition of
mobile contaminantsnormally require aconsiderable amount of sub-surface soil sampling to determinetheir
extent in a systematic design.

5.6 Ground Water Sampling Designs

Sampling design, asit pertains to ground water, often involves the use of someform of temporary
well point or direct push technology (DPT) for rapid in-field screening and plume delineation. These
techniques are discussed in Section 6. Samples obtained using these techniques are usually analyzed
immediately, using an on-site field laboratory, or are sent to an off-site laboratory for quick turnaround
analyses. Inthismanner, delineations of both ahorizontal (areal) and vertical nature can berapidly achieved
inthe field. These delineations can then be used as the basis for locating and installing permanent ground
water monitoring wells.

The degree of complexity for these delineations varies, depending on a number of factors which
include:

e Theknown or anticipated size of the suspected source area.
» Sitestratigraphy.

»  Theamount of information regarding hydrogeol ogical conditions(thicknessof aquifersor water-
bearing units, depth to confining units, ground water flow direction, etc.).

» Thetype of contamination (aqueous phase, light non-agueous phase liquid (LNAPL), or dense
non-aqueous phase liquid (DNAPL)).

In addition tothedesign considerationsimposed by the preceding factors, screening programdesigns
may beeither simpleiterativeor grid-based. Grid-based may even transform, at some point, toamoreor less
iterative program.

5.6.1 Single Source Iterative Programs

The simplest case is one in which there is a small source area of an agueous phase contaminant or
component, such as benzene, toluene, ethyl benzene, and xylene (BTEX) contamination without associated
product, and there is a high degree of confidence with respect to ground water flow direction. In this
situation, a sample location would be placed in the middle of the source area, for source area
characterization, and several locations would be established downgradient. It isnot possible to specify the
numbersand locationsfor these sampling points. Three pointswould typically bethe minimum number, one
located immediately downgradient of the source area and two located to either side of the center line. If
contaminants were detected in any of the downgradient locations, additional locations would need to be
established downgradient and/or side-gradient of those locations to complete boundary delineation. This
processwould continueuntil both the downgradient and lateral extent of the contamination wereestablished.
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Asindicated, thenumbersand | ocati ons of these sampling locationsare subject to site scaleand other
factors and can only be determined in the field using best judgement. At this point, some attention should
begiventovertical characterization of the contaminants. Additional samplesshould becollected at locations
below the depths at which the contaminants were identified until the vertical extent is determined. If this
is not accomplished during screening activities, it must be done during subsequent investigations with
permanent monitoring wells.

Single-sourcelight non-agqueousphaseliquids (L NAPL) problemsaregenerally no morecomplicated
than the non-agueous phase delineation problems. If there are no serious vertical profiling problems,
however, the sampling device should be capable of identifying the presence of and determining the
thicknesses of the floating LNAPL layers.

A morecomplex situation would be asingle source areain which thereisadense non-aqueous phase
liquid (DNAPL) product layer with associated aqueous phase contamination. The initial part of the
investigation would be conducted in amanner similar to the simplest case. After delineation of the aqueous
phase plume, additional characterization would be required for the DNAPL component. If aconfining layer
is present and the depth to the surface of thislayer isknown, samples should be collected from the boundary
between the water-bearing formation and the confining unit to determine if DNAPL products are present.
Wherever DNAPLSs are found, additional samples must be collected. The rationale for sample location
sel ection depends on both sub-surface structure and ground water flow direction. DNAPL constituents may
flow down-dip on the surface of confining units, in directionsthat are totally contrary to ground water flow
directions. No attempt at DNAPL characterization should be made until the site geology (stratigraphy,
structure and ground water flow patterns) are known.

5.6.2 Multiple-Source Area Grided Programs

Some ground water screening investigations involve identifying multiple source areas and
determining the size and shape (delineation) of the associated plumes over relatively large areas. In these
cases, it may be appropriate to pre-determine and establish agrid pattern to direct the collection of ground
water samples. As the apparent contaminant pattern begins to develop, it may be appropriate to disregard
established but unsampled sampling locations and concentrate on other areaswithin the grid pattern. It may
even be appropriateto expand the area of investigation by establishing additional sampling locations. These
locations may be determined by using agrid or may be located using best judgement, in an iterative manner.

Considerations regarding non-agueous phases must be observed here as well. |f agueous phase
sample analysis indicates that DNAPL constituents may be present, sampling should be conducted at the
surface of the confining unit to determine if product layers are present.

5.6.3 Typica Ground Water Screening Devices

Listed below are numeroustools, devices, and techniques availableto field investigators that can be
used to effectively collect ground water samples for rapid field screening and plume delineation.

e Temporary wells-- Well casing can be installed temporarily, either inside hollow-stem augers
or in an open hole after removal of hollow- or solid-stem augers. Because of the potential for
cross-communication between vertical intervals, thistechniqueisappropriateonly for screening
the upper portion of the saturated zone. Samples are pumped or bailed directly from the well
casing. Because turbidity is likely to be a problem using this technique, care should be taken
when using the samples for metals screening. Depth of the investigation islimited only by the
capability of the drill rig and cross-contamination considerations. See section 6.10 for
temporary well installation procedures.
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Geoprobe® -- Slotted steel pipe is hydraulically pushed or hammer driven to the desired
sampling depth. Samples are usually acquired with a peristaltic pump. The device is subject
to cross-communication at threaded rod joints. It requires some knowledge of the saturated
interval. The Geoprobe® ismost useful at depthslessthan 30 to 40 feet below ground surface.

Hydropunch® -- A larger, more versatile device, similar to the Geoprobe®, which is pushed to
sampling depths with a drill rig. It requires some knowledge of saturated intervals to use
successfully. Depths of investigation with this technology are roughly correlated to the
capability of the drill rig used to push the sampling device.

Hydrocone® -- This is a pressure-sealed sampling device that is hydraulically pushed to the
desired sampling depth. It is capable of collecting a discrete sample from any depth at which
it can be pushed. A limited volume of about 700 ml is collected and is generally turbid. This
technique is mainly applicable for the screening for volatile organic compounds. A temporary
well point can be driven by the same drill rig to collect samples with greater volume
requirements. Samples from depths exceeding 100 feet have been obtained with this device.
Routine depths abtained without special anchoring are generally within the 50-foot range, but
are dependent on the geological materials being encountered.

57 Surface Water and Sediment Sampling Designs

5.7.1 Sampling Site Selection

Thefollowing factors should be considered in the selection of surface water and sediment sampling

|ocations:

Study objectives;

Water use;

Point source discharges;
Nonpoint source discharges;
Tributary locations;

Changes in stream characteristics,
Type of stream bed;

Depth of stream,

Turbulence;

Presence of structures (weirs, dams, etc.);
Accessihility; and

Tidal effect (estuarine).

If the study objective is to investigate a specific water use such as a source of water supply,
recreation, or other discrete use, then considerations such as accessibility, flow, velocity, physical
characteristics, etc., are not critical from awater quality investigation standpoint.

If the objective of a water quality study is to determine patterns of pollution, provide data for
mathematical modeling purposes, conduct assimilative capacity studies, etc., where more than asmall area
or short streamreachisto beinvestigated, then several factors becomeinterrel ated and need to be considered
in sampling location selection. An excellent reference guide to conducting surface water stream studiesis
F. W. Kittrells, "A Practical Guide to Water Quality Studies’ (9).
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Before any sampling is conducted, an initial reconnaissance should be made to locate suitable
sampling locations. Bridgesand piersare normally good choices as sampling sites since they provide ready
accessand permit water sampling at any point acrossthewidth of thewater body. However, these structures
may alter the nature of water flow and thusinfluence sediment deposition or scouring. Additionally, bridges
and piers are not always located in desirable locations with reference to waste sources, tributaries, etc.
Wading for water samplesin lakes, ponds, and slow-moving rivers and streams must be done with caution
since bottom deposits are easily disturbed, thereby resulting in increased sedimentsin the overlying water
column. On the other hand, wadeable areas may be best for sediment sampling. In slow-moving or deep
water, aboat isusually required for sampling. Sampling station locations can be chosen without regard to
other means of access if the stream is navigable by boat, especially in estuarine systems where boats
frequently provide the only accessto critical sampling locations.

Fresh water environments are commonly separated into two types:

» FHowing water, including rivers, creeks, and small to intermittent streams; and
 Water that is contained, with restricted flow including lakes, ponds, and manmade
impoundments

Since these waterways differ considerably in general characteristics, site selection must be adapted
to each. Estuarine environments are a special case and are discussed separately.

5.7.2 Rivers, Streams, and Creeks

In the selection of a surface water sampling site in rivers, streams, or creeks, areas that exhibit the
greatest degree of cross-sectional homogeneity should belocated. When available, previously collected data
may indicate if potential sampling locations are well mixed or vertically or horizontally stratified. Since
mixing is principally governed by turbulence and water velocity, the selection of a site immediately
downstream of a riffle area will insure good vertical mixing. These locations are also likely areas for
deposition of sediments since the greatest deposition occurs where stream vel ocities decrease provided that
the distance is far enough downstream from the riffle area for the water to become quiescent. Horizontal
(cross-channel) mixing occurs in constrictions in the channel, but because of velocity increases, the stream
bottom may be scoured, and therefore, a constriction is a poor location to collect sediment.

Typical sediment depositional areas are |ocated:

Inside of river bends;

Downstream from islands;

Downstream from obstructions; and

Areas of flow reversals, such as back-shoots.

Sites that are located immediately upstream or downstream from the confluence of two streams or
rivers should generally be avoided since flows from two tributaries may not immediately mix, and at times
due to possible backflow can upset the depositional flow patterns.

When several |ocations along a stream reach are to be sampled, they should be strategically located:
» Atintervals based on time-of-water-travel, not distance, e.g., sampling stations may be located
about one-half day time-of-water-travel for the first three days downstream of a waste source

(thefirst six stations) and then approximately one day through the remaining distance.

o Atthesamelocationsif possible, when the data collected isto be compared to a previous study.
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»  Whenever amarked physical change occursin the stream channel. Example: A stream reach
between two adjacent stations should not include both a long rapids section of swift shallow
water with arocky bottom, and along section of deep, slow-moving water with amuddy bottom.
Stations at each end of the combined reach would yield data on certain rates of change, such as
reaeration, that would be an unrealistic average of twowidely different rates. Theactual natural
characteristics of the streamwould be better defined by inserting athird sampling station within
the reach, between the rapids and the quiet water sections.

» Toisolate mgjor discharges aswell asmagjor tributaries. Dams and weirs cause changesin the
physical characteristics of astream. They usually create quiet, deep poolsin river reaches that
previously were swift and shallow. Such impoundments should be bracketed with sampling
stations. When time-of-water-travel through the pools are long, stations should be established
within the impoundments.

Some structures, such as dams, permit overflow and cause swirls in streams that accomplishes
significant reaeration of oxygen deficient water. In such cases, stations should be located short distances
upstream and downstream from the structures to measure the rapid, artificial increase in dissolved oxygen,
which is not representative of natural reaeration.

When major changes occur in a stream reach, an upstream station, a downstream station, and an
intermediate station should be selected. Major changes may consist of:

A wastewater discharge;

A tributary inflow;

Non-point source discharge (farms or industrial sites); and
A significant difference in channel characteristics.

The use of three stations is especially important when rates of change of unstable constituents are
being determined. If results from one of only two stations in a subreach are in error for some unforeseen
reason, it may not be possible to judge which of the two sets of results indicate the actual rate of change.
Results from at least two of three stations, on the other hand, may support each other and indicate the true
pattern of water quality in the subreach.

Todeterminethe effectsof certain dischargesor tributary streamson ambient water quality, stations
should be located both upstream and downstream from the discharges. In addition to the upstream and
downstream stations bracketing a tributary, a station should be established on the tributary at a location
upstream and out of the influence of the receiving stream.

Unless a stream is extremely turbulent, it is nearly impossible to measure the effect of a waste
discharge or tributary immediately downstream from the source. Inflow frequently "hugs" the stream bank
due to differences in density, temperature, and specific gravity, and consequently lateral (cross-channel)
mixing does not occur for some distance.

Tributaries should be sampled as near the mouth as feasible. Frequently, the mouths of tributaries
areaccessible by boat. Care should be exercised to avoid collecting water samplesfrom stratified locations
which are due to differences in density resulting from temperature, dissolved solids, or turbidity.

Actual sampling locations will vary with the size of the water body and the mixing characteristics
of thestream or river. Generally, for small streamslessthan 20 feet wide, asampling site should be selected
where the water is well mixed. In such cases, a single grab sample taken at mid-depth at the center of the
channel is adequate to represent the entire cross-section. A sediment sample could also be collected in the
same vicinity if available.
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For dlightly larger streams, at least one vertical composite should be collected from mid-stream.
Samples should be collected just below the surface, at mid-depth, and just above the bottom. For larger
streams and rivers, at least quarter point (1/4, 1/2, and 3/4 width) composite samples should be collected.
Dissolved oxygen, pH, temperature, and conductivity should be measured from each aliquot of the vertical
composite.

For largerivers, several locations across the channel width should be sampled. Vertical composites
across the channel width should belocated in amanner that isroughly proportional to flow, i.e., they should
be closer together toward mid-channel, where most of the flow is, than toward the banks, where the
proportion of total flow isless. The number of vertical composites required and the number of depths
sampled for each are usually determined in thefield by the investigators. This determination is based on a
reasonabl e balance between the following two considerations:

» Thelarger the number of subsamples, the more closely the composite sample will represent the
water body; and

» Subsample collection is time-consuming and expensive, and increases the chance of cross-
contamination.

In most circumstances, a number of sediment samples should be collected along a cross-section of
ariver or stream in order to adequately characterize the bed material. A common procedureisto sample at
guarter points along the cross-section. When the sampling technique or equi pment requiresthat the samples
be extruded or transferred on site, they may be combined into asingle composite sample. However, samples
of dissimilar composition should not be combined but should be stored for separateanalysisin thelaboratory.
Often, sediment must be collected in back-shoots or areas on theinside of bendsin the stream dueto scouring
inthemain channel. Toinsure representative samples, the preferred method isdiver deployed coring tubes.

5.7.3 Lakes, Ponds, and Impoundments

Lakes, ponds, and impoundments have a much greater tendency to stratify than rivers and streams.
The relative lack of mixing generally requires that more samples be obtained. Occasionally, an extreme
turbidity difference may occur where ahighly turbid river entersalake. For these situations, each layer of
the vertically stratified water column needs to be considered. Since the stratification is caused by water
temperaturedifferences, the cooler, moredenseriver water isbeneath thewarmer lakewater. A temperature
profile of thewater column aswell asvisual observation of lake samples can often detect the different layers
which can be sampled separately.

Thenumber of water sampling stationson alake, pond, or impoundment will vary with the objective
of the investigation as well as the size and shape of the basin. In pondsand small impoundments, asingle
vertical composite at the deepest point may be sufficient. Dissolved oxygen, pH, and temperature are
generally measured for each vertical composite aliquot. In naturally-formed ponds, the deepest point is
usually near the center; in impoundments, the deepest point is usualy near the dam.

Inlakesand larger impoundments, several vertical subsamplesshould becompositedtoformasingle
sample. These vertical sampling locations are often collected along a transect or grid. The number of
vertical subsamples and the depths at which subsamples are taken are usually at the discretion of the field
investigators. In some cases, it may be of interest to collect separate composites of epilimnetic and
hypolimnetic zones (above and below the thermacline or depth of greatest temperature change).
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In lakes with irregular shapes and with several bays and coves that are protected from the wind,
additional separate composite samples may be needed to adequately determine water quality. Similarly,
additional samples should be collected where discharges, tributaries, land use characteristics, etc., are
suspected of influencing water quality.

When collecting sediment samples in lakes, ponds, and reservoirs, the sampling site should be
approximately at the center of thewater mass. Thisis particularly truefor reservoirsthat areformed by the
impoundment of rivers or streams. Generaly, the coarser grained sediments are deposited near the
headwaters of the reservoir, and the bed sediments near the center of the water mass will be composed of
fine-grained materials. The shape, inflow pattern, bathymetry, and circulation must be considered when
selecting sediment sampling sitesin lakes or reservoirs.

5.7.4 Estuarine Waters

Estuarine areas are zones where inland freshwaters (both surface and ground) mix with oceanic
saline waters. Estuaries are generally categorized into three types, dependent upon freshwater inflow and
mixing properties:

* Mixed estuary -- Characterized by an absence of vertical halocline (gradual or no marked
increase in salinity in the water column) and a gradual increase in salinity seaward. Typicaly
thistype of estuary isfound in major freshwater sheetflow areas, featuring shallow depths.

o Salt wedge estuary -- Characterized by a sharp vertical increase in salinity and channelized
freshwater inflow into a deep estuary. In these estuaries, the vertical mixing forces cannot
overridethedensity differential between fresh and salinewaters. In effect, asalt wedgetapering
inland moves horizontally, back and forth, with the tidal phase.

* Oceanic estuary -- Characterized by salinities approaching full strength oceanic waters.
Seasonally, freshwater inflow is small with the preponderance of the fresh and saline water
mixing occurring near, or at, the shoreline.

A reconnai ssanceinvesti gation shoul d be conducted for each estuarine study unlessprior knowledge
of the estuarine typeisavailable. The reconnaissance should focus upon the freshwater and oceanic water
dynamics with respect to the study objective. National Oceanic Atmospheric Administration (NOAA) tide
tablesand United States Geological Survey (USGS) freshwater surface water flow records provide valuable
insights into the estuary hydrodynamics. The basic in-situ measurement tools for reconnaissance are:

+ Boat;

» Recording fathometer;

» Salinometer;

« Dissolved oxygen meter; and

» Global Positioning System (GPS) equipment and charts.

Theseinstruments coupled with the study objectiveor pollution sourcelocation, whether itisapoint
or non-point source problem, provide the focus for selecting sampling locations. More often than not,
preplanned sampling locationsin estuarine areas are changed during the actual study period. Because of the
dynamics of estuaries, theinitial sampling results often reveal that the study objective could be better served
by relocating, adding, or deleting sampling locations.
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Water sampling in estuarine areas is normally based upon the tidal phases, with samples collected
on successive slack tides. All estuarine sampling should include vertical salinity measurements at one to
five-foot increments coupled with vertical dissolved oxygen and temperature profiles. A variety of water
sampling devices are used, but in general, the Van Dorn (or similar type) horizontal sampler or peristaltic
pump are suitable.

Samples are normally collected at mid-depth in areas where the depths are lessthan 10 feet, unless
the salinity profile indicates the presence of a halocline (salinity stratification). In that case, samples are
collected from each stratum. Depending upon the study objective, when depths are greater than 10 feet,
water samples may be collected at the one-foot depth from the surface, mid-depth, and one-foot from the
bottom.

Generally, estuarineinvestigations are two phased, with study investigations conducted during wet
and dry periods. Depending upon the freshwater inflow sources, estuarine water quality dynamics cannot
normally be determined by a single season study.

5.75 Control Stations

In order to have a basis of comparison of water quality, the collection of samples from control
stationsisalwaysnecessary. A control station upstream from the waste sourceisasimportant as are stations
downgradient, and should be chosen with equal care to ensure representative results. In some situations it
isdesirable to have background stations located in similar, nearby estuaries which are not impacted by the
phenomena or pollutants being investigated. At times it may be desirable to locate two or three stations
downstream from the wasteinflow to establish therate at which the unstable material ischanging. Thetime-
of-water-travel between the stations should be sufficient to permit accurate measurement of the changein
the constituent under consideration.

5.8 Waste Sampling Designs
5.8.1 Introduction

Waste sampling involves the collection of materials that are typically generated from industrial
processes, and therefore may contain el evated concentrations of hazardous constituents. Waste samplingin
its broadest term is conventionally considered to be sampling of processed wastes or man-made waste
materials. Because of the regulatory, safety, and analytical considerations, wastewater sampling should be
separate from waste sampling. Environmental sampling isalso different from waste sampling asit involves
the collection of samplesfrom natural matrices such as soil, sediment, groundwater, surface water, and air.

It isconvenient to distingui sh waste management unitsinto two typesdueto Branch safety protocols.
Thefirst, "open units', are units where wastes are generated, stored, or disposed, and would be open to the
environment and environmental influences. Examples of open waste units are surface impoundments and
waste piles. "Closed units' are waste containers/drums, tanks, or sumps where the potential for the
accumulation of toxic vapors or explosive/ignitable gases exists. While both open and closed waste units
are considered dangerous because of the potential exposure to concentrated hazardous constituents, closed
units are regarded as high hazards due to their potential to accumulate gases and vapors.

5.8.2 Waste Investigation Objectives

Systematic planning is critical for identifying a study’s objectives and conducting a successful
investigation. Thorough understanding of the waste generation/management practices is required for the
samples and associated data to reflect the waste population characteristic(s) of interest. Prior to sampling
wastes, it isextremely important to obtain and assess all of the available information, e.g., waste generation
process(es), waste handling and storage practices, previous field screening results, existing sampling and
analytical data, any pertinent regulations, and permitting or compliance issues.
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Common obj ectives in waste sampling investigations include:

to determineif a constituent is present in awaste,

to determine if awaste exhibits a property or characteristic,

to determine if amaterial is a hazardous waste,

to characterize awastestream, and

to determine if awaste material has been released into the environment.

Themost frequently used objective during RCRA Case Devel opment/Investigation Eval uationsand
Criminal Field Investigations involve hazardous waste determinations. For studies that are designed to
determineif arelease has occurred, it isrecommended that samples be collected from the source aswell as
both the affected and the unaffected media.

Waste matrices are frequently heterogenous in nature due to the physical characteristics of the
material (particle size, viscosity, etc.), the distribution of hazardous constituents within the matrix, or the
manner in which the material has been managed or disposed. When waste is comprised of stratathat can be
separated by the sampling equipment (e.g., liquid-liquid or liquid-solid phases), it is not necessary to collect
asample that is representative of the entire unit to make a waste determination. An acceptable objective
would beto make awaste determination on aspecific strata. For examplein drumscontaining aliquid phase
ontop of solids, aglassthief or aCOmposite LIquid WAste SAmpler (COLIWASA) could beused to sample
only theliquid to determine if the phase of interest exhibits the characteristic of ignitability as described in
40 CFR, Part 261.21.

5.8.3 Considerations for Waste Sampling Designs

Waste sampling designs should consider the variability of the sample population in terms of the
characteristic of concern, the physical size and state of items present in the population, and the ability to
access al portions of the population for purposes of sampling. Elements of the sampling design should
include the determination of the sample locations and the number of samplesto be collected, decisions on
the type of samples (grab or composite) to collect, and selection of the appropriate sampling equipment.
While samplelocationsare usually restricted to accessible portions of awaste unit’ s population, the number
of samples to be collected is usually determined by the objective of the study. Factorsto consider when
determining the appropriate number of samples are; preliminary information on the waste, the size of the
sample population, field screening results, the variability of the waste, and the budget for the investigation.
Composite samples are used to obtain average concentrations of waste unitswhile grab samplesare utilized
to delineate hot spots or to acquire data for sample variability, or to determine compliance with Land
Disposal Restrictions (LDR) treatment standards.

A small wastestream that has a hazardous constituent or characteristic randomly distributed in a
relatively homogeneous matrix requires fewer samples than a large wastestream that has a constituent or
characteristic of concern which is non-randomly distributed in a heterogeneous matrix. For a waste with
constituent of concernthat israndomly distributed, an authoritativeor systematic grid sampling designwould
be appropriate depending on the objectives. On the other-hand, a stratified sampling or very specialized
design should be employed for wastes that are non-randomly distributed.

Reviewing the available preliminary information should improve the effectiveness of any sampling
investigation. If waste variability cannot be estimated after review of available information, then a
preliminary sampling and analytical effort may be necessary. A preliminary sampling investigation would
be important when the study's objective is to fully characterize a waste stream using a probabilistic or
“statistical” design.
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Probabilistic sampling designs similar to the onesused to characterize asite with soil contamination
can be used to characterize large units such as waste piles or surface impoundments with random
contaminant distributions. Notethat an authoritative designisoften appropriateto demonstratethe maximum
degree of contamination in certain waste management units. Examplesinclude the collection of asludge
sample for inorganic analyses at the inlet to a surface impoundment, or a sample for volatile organic
compound analysis collected from the most recently generated material placed in awaste pile.

A comprehensive probabilistic design may be required to fully characterize unusually complex
wastestreams that have a high degree of heterogeneity. For some highly complex, heterogeneous wastes
where an average concentration would not be reflected by a design of reasonable scope, an authoritative
sampling design based on the sampl er's experience may bethe only feasible approach. For aheterogeneous
waste population, it may be necessary to segregate and sample components suspected of containing
constituents of concern.

Background samples are not required when collecting highly concentrated waste samples.
584 Waste Sampling Equipment

An extremely important factor in the sampling strategy will be determined by the physical
characteristics of the waste material. Selecting appropriate sampling equipment can be one of the most
challenging tasks while planning a sampling investigation. By selecting sampling equipment that will not
discriminate against certain physical characteristics (e.g., phase, particle size, etc.), sampling bias can be
minimized during waste sampling. Becausewastesoften stratify dueto different densitiesof phases, settling
of solids, or varying waste constituents generated at different times, it also may be important to obtain a
vertical cross section of the entire unit.

Other desired features of sampling equipment that should be considered; the ability to access the
desired sampling locations, the ability to maintain sample integrity, the reactivity of equipment with the
waste, and the ability to properly decontaminatethe sampling apparatus. Inaddition, analytical requirements
such as the sample handling and preparation to correctly analyze physical samples need to be considered.
For solidified wastes, samples will often be required to undergo particle size reduction (PSR) prior to
chemical analyses.

Sampling equipment should be selected to accommodate all of the known physical characteristics
of concern or chosen such that the effect of any sampling bias is understood. Often because of alack of
preliminary information, varying field conditions, or waste heterogeneity, a piece of equipment selected
during theinvestigations' s planning phase may be unsuccessful for collecting aparticular waste sample, and
another piece of equipment will berequired asasubstitute. Any sampling biasor deficienciesresultingfrom
the use of substituted equipment should be documented and reviewed with the data.

5.85 Field Screening

Field screening can be very effective in waste characterization and extremely valuablein selecting
appropriate samplinglocationsand chemical analyseswhenlittle preliminary dataexists. Fieldinvestigators
routinely use observations, container labels/markings, physical characteristics, air monitoring equipment,
pH meters/paper, and field flash point analyzers to confirm preliminary data or to decide on sampling
locations during waste investigations. Figure 5-1 (RCRA Waste Characterization) is a flow diagram that
depicts the process that field investigators may use to decide which waste containers to sample and what
analyses to perform on particular samples when attempting to make RCRA Characteristic Waste
determinations.
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FIGURE 5-1
RCRA WASTE CHARACTERIZATION FLOW CHART

SISATYNY Q7314 U SISATVYNY V1 |

NOISI23a av1 _H_ NOISI23ad a3 _H_ (V()1Z'19z
J19VLINDI LON
%vT>
1000 I OHO9TY % |
F1aviNol € gpzz | TOHOITV % |
%053
oo B
1000 ¢ H3ALM% |
FTGVLINOI %05> ,! o 1
T N 2,09>
| 0v06 !
e -
I S | ———-L -
4101 ! ! ANIOd
! s
o1 I HSV1d | o,09% dols
R __msvE
\\\\\\ J3ATT1 93| X 022 ,\\\\\\J,
| B SIN3NLLLSNOD | 3INY DL | NVOSD0A
SNO3NOY | —— VG106 ! .
[ EAFIeR T T T T o -
«——
olse 1 WS | Nvosoon | T3IAT193 | X 07> TS
SININLILSNOD o ___1 SININLILSNOD| 31NY OL
JINY 0L [ B
1ONINIIHOS OL F1dvs 5095
I1dnvs oaMX0ZT L 1 09>
\\\\\\ SIN3NLLLSNOD
ERENNT | N 3Ny oL
I | d19L00A ” d4 a3 5,002 > 408
(so0oN)
i ¥2192 IINHOL 12'19Z ALNIAVLINI
zz'19g
ALIAISOHHOD
dols
(1s3ad ® 1x3) vomt | Hom + anon N
gz1T|0es (SOINVOHONI)
¥Z'192 3INY OL
aN ¥Oo
E.\V dols I1dWYS ON IVH/DD/AIA/AId
Gzl >-2<
4 Mo %
Hd
190
al/ald
NOLLVZIMILOVHVHI J1LSVM
SILATNY IDATTMON HoLyINOY
31SVM 2 $5300ud | ¢ > wo
ADALVHLS ONITANYS ¢——p TaNNOSHAd
PN ]

| SLINSIH NVOS DOA HO IDAITMONY NO a3SvE 2 <m m M’ﬂ
I NOILYAY3SHO Q1314 NO a3svd L A * 4

November 2001

5-24

EISOPQAM



59 Wastewater Sampling Designs

Introduction

Wastewater sampling studies focus primarily on collecting wastewater samples of the influent or
effluent at domestic and non-domestic facilities. Sampling activities are usually conducted for National
Pollutant Discharge Elimination System (NPDES) compliance, compliance assistance, civil and criminal
investigations, and water quality studies. Collection of wastewater samplesisnecessary in order to aobtain
reliable data that can support compliance or enforcement activities. Specific sampling criteria for the
collection of wastewater samplesis given in Section 9 of this SOP.

The main considerations in devel oping a wastewater sampling strategy are:

Type of study (Compliance Sampling Inspection, Diagnostic Evaluation, etc.).

Regulated or target pollutants in the wastewater stream to be sampled.

Selection of the projected sampling locations to satisfy the study objectives.

Quality control criteria of the parameters to be sampled (oil and grease samples need to be

collected as grab samples, trip blanks are taken into the field for the collection of samples for
volatile organic compound analyses, etc.).

Complexity of the sampling program will vary with anumber of factors. Some primary factorsare:

The number of sampling stations to be monitored. Thiswill be dependent on NPDES permit
requirements and the type of study (typically Toxic CSls and DEs require a greater amount of
sampling stations than aroutine CSl).

Special handling requirements of the target pollutants (sampling equipment for trace organic
compounds require specia cleaning procedures, etc.).

L aboratory conducting the analyses (use of acontract laboratory may require shipping from the
field, etc.).

Accessibility to sampling stations.

Process and operation criteria of the source generator (e.g., batch operation versus continuous
discharge).

Coordination of participating organizationsin the study (e.g., state assistance with the sample
collection).

The length of time for sampling activitieswill dictate logistical considerations (e.g., shipment
of samples, additional supplies, etc.).
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510 UST and UIC Sampling Designs

UST Designs

The UST investigation focuses on determining whether arelease from atank(s) to the environment
has occurred and usually includes both shallow ground water and subsurface soil sampling. Usualy, the
areaof concernisnot large, andif it isdetermined arel ease has occurred, delineation of acontaminant plume
will probably be conducted during a subsequent investigation.

General sampling designs for soil sampling and ground water sampling are included in Section 5.5
and 5.6 of this SOP. However, specific considerations in developing a UST sampling strategy are:

» ldentification of constituentsin the tank.
» ldentification of pollutantsin ground water.
» Identification of pollutantsin subsurface soil.

Complexity of the sampling program will vary based on anumber of factors. Some primary factors
areasfollows:

e Sizeof thetarget area (One small tank or several large tanks).
» Hydro-geological conditions of the target area.
» Accessihility to potable and ground water monitoring wells.

UIC Designs

The UIC investigation focuses on determining the quality of the ground water in atarget area and
usually involves sampling ground water from deep wells. The UIC source is permitted and should have a
monitoring well network.

General sampling designs for ground water sampling is included in 5.6 of this SOP. However,
specific considerations in developing a UIC sampling strategy are:

» Identification of constituents being injected
» ldentification of pollutantsin ground water.
» Ddlineation of contamination plume.

Complexity of the sampling program will vary based on anumber of factors. Some primary factors
are asfollows:

e Sizeof thetarget area.
» Hydro-geological conditions of the target area.
» Accessihility to potable and ground water monitoring wells.
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511  Air ToxicsMonitoring Designs

Ambient air monitoring strategies vary depending upon the monitoring objective. However, some
elements are important for any air monitoring objective. Meteorology measurements should be taken
concurrent with any major air monitoring effort. At aminimum, these measurements should include wind
speed and wind direction.

At least on background sampling location (possibly more) should be selected to sample an air mass
that is representative of the area before it is impacted by any emission from the site being monitored.
Background samples should be collected concurrent with the site samples. An adequate number of sampling
locations should be selected to assure representative sampling of the air mass, and provide enough data to
adequately characterize the contaminant concentrations being emitted fromthe site. Generally, at asitewith
soil contamination, sampling should be conducted at the areas of high contaminant concentration, near the
downwind fencelines, and/or at the fencelines near any residences.

Whenever possible, the sampling sites should be located in an open space and well away from any
tall buildings. Attention should be given to avoiding potential local interference such as earth moving
equipment, haul roads, etc.

Sampling methods for various ambient air pollutants are given in Section 14 of this SOP.

EISOPQAM 5-27 November 2001



512 Data Quality Objectives

PERFORMANCE OBJECTIVE:
» To provide guidance on systematic planning and the use of DQO Process.

» To describe the steps, the purpose and activities of DQO Process

The US-EPA’s Quality Assurance Division has developed guidance as part of its Quality System.
One component of this Quality System isthe requirement that field investigators use a systematic planning
process as mandated in EPA Order 5360.1: Policy and Program Reguirements for Mandatory Agency-wide
Quality System (10), The US-EPA has developed a nonmandatory systematic planning process, the Data
Quality Objectives (DQO) Process. The DQO processis an important tool for project managers, planners,
and field investigatorsto define the type, quality, and quantity of data needed to make defensible decisions.
The DQO process offers a way to plan field investigations so that the quality of data collected can be
evaluated with respect to the data's intended use. For a detailed discussion of the complete DQO process,
refer to the referenced guidance documents: Guidance for the Data Quality Objectives Process (1), Data
Quality Objectives Process for Hazardous Waste Sites (2), and Standard Practice for Generation of
Environmental Data Related to Waste M anagement Activities: Devel opment of DataQuality Objectives(3).

The DQO process contains seven steps that will assist in preparing plans for environmental data
collection activities (Figure 5-2). The steps areiterative and should be revisited as new information about
a problem is learned. It provides a systematic approach for defining the requirements that a field
investigationwill attempt to fulfill. Such requirementsmay includewhen, whereand how to collect samples,
the number of samples, and the limits on tolerable error rates.

Figure5-2. Stepsof the DQO Process

1. State the Problem

2. ldentify the Decision

3. Identify Inputs to the Decision

4. Define the Study Boundaries

5. Develop a Decision Rule

6. Specify Limits on Decision

7. Optimize the Design
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Below arethe steps, the purpose and recommended activities of DQO Processfromthethe US-EPA

Data Quality Objectives Process for Hazardous Waste Sites (2).

Step 1.

State the Problem

Purpose:  Summarize the contamination problem that will require new environmental data, and identify
resources available to resolve the problem.

Activities;

Step 2.

Step 3.

Step 4.

Identify members of the planning team.

Develop or refine the conceptual site model.

Define any exposure scenarios.

Specify the available resources and constraints.
Write abrief summary of the contamination problem.

v vV v v Vv

I dentify the Decision

Purpose: Toidentify thedecisionthat requiresnew environmental datato addressthe contamination
problem.

Activities;

Identify the principal study question(s).

Definealternativeactionsthat could result fromthe resol ution of the principal study question(s).
Combine the principal study question and the alternative actions into a decision statement.
Organize multiple decisions.

v vV v Vv

Identify Inputsto the Decision

Purpose: To identify information that will be required to support the decision and specify which
inputs require new environmental measurements.

Activities:

» ldentify the information that will be required to resolve the decision statement.
» Determine the sources for each item of information identified.

» ldentify the information needed to establish the action level(s).

» Confirm the appropriate analytical methods exist to provide the necessary data.

Definethe Study Boundaries

Purpose: To define the spatial and temporal boundaries that data must represent to support the
decision.

Activities:

»  Specify the characteristics that define the population of interest.

» Define the geographical area which the decision statement applies.

» When appropriate, divide the population into strata that have relatively homogenous
characteristics.

» Determine the time frame to which the decision applies.
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Determine when to collect the data.
Define the scale of the decision making.
Identify any practical constraints on data collection.

Step 5. Develop a Decision Rule

Step 6.

Step 7.

Purpose: Develop alogical “If ..., then ...” statement that defines the conditions that would cause
the decision maker to choose among alternate actions.

Activities:

»  Specify the parameter(s) that characterizes the population of interest.

» Specify the action level for the decision.

»  Confirm the measurement detection limits will allow reliable comparisons with action level.
» Combine the outputs from the previous DQO steps and develop adecision rule.

Specify Limits of Decision Errors

Purpose: To specify the decision maker’s tolerable limits on decision errors, which are used to
establish performance goals for limiting uncertainty in the data. Note that a probabilistic sampling
design is necessary to develop limits on decision errors.

Activities;

Determine the possible range of the parameter of interest.

Define both types of decision errors and their potential consequences and select the baseline
condition.

Specify arange of possible parameter valueswhere the consequences of afalse negativedecsion
error are relatively minor (the gray region).

Assign probability values to points above and below the action level that reflect the tolerable
probability for the occurrence of decision errors.

Optimize the Design for Obtaining Data

Purpose: To identify resource-effective sampling and analysis design for generating datathat are
expected to satisfy the DQO's.

Activities;

v vV v v v Vv

Review the DQO outputs and existing environmental data.

Develop general data collection design alternatives.

Formulate the mathematical expression necessary for each design alternative.

Select the sample size that satisfies the DQOs for each design alternative.

Select the most resource-effective design that satisfies all DQOs.

Document the operational detailsand theoretical assumptions of the sel ected designin the study
plan or quality assurance project plan (QAPP).

There are several benefits of using the DQO process including; providing a reliable methodol ogy
for clarifying how decisions about the sitewill be supported by environmental dataand for establishing site-
specific performance criteria for these decisions. Other benefits are: it helps conserve resources by
determining which datacollection and anal ytical methodsare most appropriate, andit providesinvestigators
with an end-point to make defensible decisions.
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TheDQO processhasboth qualitative and quantitative components. Thequalitative stepsencourage
logical and practical planning for environmental data collection activities while the quantitative steps use
statistical methodsto design adatacollection operation that will efficiently control the probability of making
anincorrect decision. Although the quantitative steps of the DQO process are important, investigators and
decision makersmay choose not to apply statisticsto every environmental field investigation. Insome cases,
the planning teammay only utilizethe qualitative steps of the DQO processduring theinvestigation planning
phases to generate authoritative data which may be used to confirm site characteristics.

513  Specific Sample Collection Quality Control Procedures
5.13.1 Introduction

This subsection provides guidelines for establishing quality control procedures for sampling
activities. Strict adherenceto all of the standard operating procedures outlined in this subsection form the
basis for an acceptable sampling quality assurance program.

5.13.2 Experience Requirements

There is no substitute for field experience. Therefore, all professional and paraprofessional
investigators shall have the equivalent of six months field experience before they are permitted to select
sampling siteson their own initiative. Thisfield experience shall be gained by on-the-job training using the
"buddy" system. Each new investigator should accompany an experienced employee on as many different
typesof field studies as possible. During thistraining period, the new employeewill be permitted to perform
al facets of field investigations, including sampling, under the direction and supervision of senior
investigators.

5.13.3 Traceability Requirements

All sample collection activities shall be traceable through field records to the person collecting the
sample and to the specific piece of sampling equipment (where appropriate) used to collect that sample. All
maintenance and calibration records for sampling equipment (where appropriate) shall be kept so that they
are similarly traceable. See Sections 3.1 through 3.6 for specific procedures to be utilized that insure
traceability.

5.13.4 Chain-of-Custody

Specific chain-of-custody procedures are included in Sections 3.1 through 3.6 of this SOP. These
procedures will insure that evidence collected during an investigation will withstand scrutiny during
litigation. To assure that procedures are being followed, it is recommended that field investigators or their
designees audit chain-of -custody entries, tags, field notes, and any other recorded information for accuracy.

5.13.5 Sampling Equipment Construction Material
Sampling equipment construction material scan affect sampleanal ytical results. Material sused must

not contami nate the sampl e being collected and must be easily decontaminated so that samplesare not cross-
contaminated.
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5.13.6 Sample Preservation

Samples for some analyses must be preserved in order to maintain their integrity. Preservatives
required for routine analyses of samples collected are given in Appendix A of this SOP. All chemical
preservatives used will be supplied by the Region 4 laboratory. All samples requiring preservation should
be preserved immediately upon collectioninthefield. Samplesthat should not be preserved inthefield are:

» Those collected within a hazardous waste site that are known or thought to be highly
contaminated with toxic material swhich may be highly reactive. Barrel, drum, closed container,
spillage, or other source samples from hazardous waste sites are not to be preserved with any
chemical. These samplesmay be preserved by placing the sample container onice, if necessary.

» Thosethat have extremely low or high pH or samples that may generate potentially dangerous
gasesif they were preserved using the procedures given in Appendix A.

» Those for metals analyses which are shipped by air shall not be preserved with nitric acid in
excess of the amount specified in Appendix A.

All samples preserved with chemicalsshall be clearly identified by indication on the sampl e tag that
thesampleispreserved. If samplesnormally requiring preservation werenot preserved, field records should
clearly specify the reason.

5.13.7 Specia Precautions for Trace Contaminant Sampling

Some contaminants can be detected in the parts per billion and/or parts per trillion range. Extreme
care must be taken to prevent cross-contamination of these samples. The following precautions shall be
taken when trace contaminants are of concern:

» A clean pair of new, non-powdered, disposable latex gloves will be worn each time adifferent
location issampled and the gloves should be donned immediately prior to sampling. Thegloves
should not come into contact with the media being sampled.

e Sample containers for source samples or samples suspected of containing high concentrations
of contaminants shall be placed in separate plastic bags immediately after collecting, tagging,
etc.

o If possible, ambient samples and source samples should be collected by different field teams.
If different field teams cannot be used, all ambient samples shall be collected first and placed
in separateice chests or shipping containers. Samples of waste or highly contaminated samples
shall never be placed in the same ice chest as environmental samples. |ce chests or shipping
containers for source samples or samples suspected to contain high concentrations of
contaminants shall be lined with new, clean, plastic bags.

o If possible, one member of the field sampling team should take all the notes, fill out tags, etc.,
while the other members collect the samples.

»  Whensampling surfacewaters, thewater sampl e should alwaysbe collected bef orethe sediment
sampleis collected.

o Samplecaollectionactivitiesshould proceed progressively fromthel east suspected contaminated
areato the most suspected contaminated area.
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» Investigatorsshould useequipment constructed of Teflon®, stainlesssteel, or glassthat hasbeen
properly pre-cleaned (Appendix B) for collection of samples for trace metals or organic
compounds analyses. Teflon® or glassis preferred for collecting samples where trace metals
are of concern. Equipment constructed of plastic or PV C shall not be used to collect samples
for trace organic compounds analyses.

5.13.8 Sample Handling and Mixing

After collection, all sample handling should be minimized. Investigators should use extreme care
to ensure that samples are not contaminated. 1f samples are placed in an ice chest, investigators should
ensurethat melted i ce cannot cause the sampl e contai ners to become submerged, asthismay result in sample
cross-contamination. Plastic bags, such as Zip-Lock® bags or similar plastic bags sealed with tape, should
be used when small sample containers (e.g., VOC vials or bacterial samples) are placed in ice chests to
prevent cross-contamination.

Onceasamplehasbeen collected, it may haveto betransferredinto separate containersfor different
analyses. The best way to transfer liquid samplesis to continualy stir the sample contents with a clean
pipette or pre-cleaned Teflon® rod and allow the contents to be alternately siphoned into respective sample
containersusing Teflon® or PV C (Tygon® type) tubing (and asiphon bulb to start theflow). Teflon® must
be used when analyses for organic compounds or trace metals are to be conducted. Any device used for
stirring, or tubing used for siphoning, must be cleaned in the same manner as other equipment (Appendix B).
However, samples collected for volatile organic compound, oil and grease, bacteria, sulfides, and phenols
analyses may nhot be transferred using this procedure.

It is extremely important that waste (when appropriate), soil and sediment samples be mixed
thoroughly to ensurethat the sampleis asrepresentative as possibl e of the sample media. The most common
method of mixing isreferred to as quartering. The quartering procedure should be performed as follows:

1. Thematerial inthesample pan should bedivided into quartersand each quarter should be mixed
individually.

2. Two quarters should then be mixed to form halves.

3. Thetwo halves should be mixed to form a homogenous matrix .

This procedure should be repeated severa times until the sample is adequately mixed. [If round
bowlsare used for sample mixing, adequate mixing isachieved by stirring the material in acircular fashion,
reversing direction, and occasionally turning the material over.

5.13.9 Specia Handling of Samplesfor Volatile Organic Compounds (VOCs) Analysis

Water samplesto be analyzed for volatile organic compounds should be stored in 40-ml septumvials

with screw cap and Teflon®-silicone disk in the cap to prevent contamination of the sample by the cap. The

disks should be placed in the caps (Teflon® side to be in contact with the sample) in the laboratory prior to
the beginning of the sampling program.
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The vials should be completely filled to prevent volatilization, and extreme caution should be
exercised when filling avial to avoid any turbulence which could also produce volatilization. The sample
should be carefully poured down the side of the vial to minimize turbulence. Asarule, it isbest to gently
pour the last few dropsinto the vial so that surface tension holds the water in a convex meniscus. The cap
is then applied and some overflow islost, but the air space in the bottle is eliminated. After capping, turn
the bottle over and tap it to check for bubbles. 1f any bubbles are present, repeat the procedure with another
clean40-ml vial. SincetheV OC vialsarepre-preserved, caution should be exercised whenthevialsare used
as the collection device for surface water samples in order to prevent the loss of the preservative. When
collecting water samples for VOCs. Three 40-ml vias containing preservative should be filled the with
sample.

Soil samples for VOC analyses should be collected and handled as specified in section 12.4. Sail
and sediment samples collected for VOC analyses should not be mixed.

5.13.10 Estimating Variability

Spacial Variability

The following spacial duplicate sampling procedures should be used during the collection of
samples as a measure of variability within the area represented by the sample. When appropriate, spacial
duplicate grab and/or composite samples should be collected during major investigations and studies
conducted by the Branch. A "major study” would include al investigations where more than twenty (20)
samples were collected, or those studies where the study objectives dictate that additional quality control
samples be collected. No more than ten percent of all samples should be collected as spacia duplicates.
These samples should be collected at the sametime, using the same procedures, the sametype of equi pment,
and inthe sametypes of containers asthe original samples, but collected from adifferent location within the
arearepresented by the original. They should also be preserved in the same manner and submitted for the
same analyses asthe required samples. The collection of spacial duplicate composite samples requiresthat
the sample aiquots be arrayed in a manner different from the original sample and spaced within the same
area of representativeness. Data from spacial duplicates will be examined by the lead investigator to
determine if the samples represent the areas intended in the project work plan.

Tempora Variability

When required, temporal variability at a given sampling location will be measured by collecting
temporal duplicate samples. These samples will be collected from the same sampling location, using the
same technigues and the same type of equipment, but at atime different fromthe original sample. Thetime
selected for thetemporal duplicate samplewill bewithinthe same span of timefor which theoriginal sample
is designed to be representative in the project work plan. Data from temporal duplicates will be examined
by the project leader to determine if samples represent the time span intended in the project work plan.

Sample Handling Variability

The effectiveness of sample handling techniques will be measured by collecting split and blank
samples.

Split Samples

Split sampleswill becollected by initially collecting twice as much material asisnormally collected
for asample. After mixing, the material will be apportioned into two sets of containers. Both sets
of containers will be submitted for analyses with one set designated as an "original sample”, the
other designated as a "split sample". Data from split samples will be examined by the Quality
Assurance Officer to determine sample handling variability. On large studies (more than 20
samples), no more than 10 percent of all samples will be collected as split samples.
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Blank Samples

The following blank samples will be prepared by the laboratory and obtained by the project |eader
prior to traveling to a sample site.

1. Water Sample VOC Trip Blank -- A water sample VOC trip blank isrequired for every study
where water samples are collected for VOC analysis. Two sealed preserved (or unpreserved if
appropriate) 40-ml VOC viaswill betransported to thefield. For routine studiesthese samples
will be prepared by lab personnel. Investigators shall request that these samples be provided at
least one week in advance of scheduled field investigations and inspections and never (except
in emergency situations) less than two days in advance of scheduled field investigations and
inspections. These samples should not be picked up earlier than the morning of departure for
the scheduled inspection/investigation. These field blanks will be handled and treated in the
same manner as the water samples collected for volatile organic compounds analysis on that
particular study. These sampleswill be clearly identified on sampletags and Chain-of-Custody
Records as trip blanks.

2. Soil SampleVOC Trip Blank -- A soil sample VOC trip blank isrequired for every study where
soil samples are collected for VOC analysis. The required containers are specified in section
12.4. The preparation and pick up of thissamplewill bethe same asfor the water sample VOC
trip blank. Encore® containers (two for SESD laboratory or 3 for CLP) will be transported to
the field. These field blanks will be handled and treated by Branch personnel in the same
manner as the soil samples collected for volatile organic compounds analysis on that particul ar
study. These sampleswill be clearly identified on sample tags and Chain-Of-Custody Records
astrip blanks.

The following blanks are prepared in the field:

1. Inorganic Sample Preservative Blanks -- Metals and general inorganic sample containersfilled
with analyte-freewater will betransported to thefield and preserved and submitted for the same
analyses as the other inorganic samples collected. These sampleswill be clearly identified as
preservatives blanks on sample tags and the Chain-Of-Custody Record(s). At least one
preservative blank for each type of preserved sample should be collected at the end of routine
field investigations. A minimum of one preservative blank should be prepared inthefield at the
beginning and end of all mgjor field investigations that last more than one week.

2. Equipment Field Blanks -- When field cleaning equipment is required during a sampling
investigation, a piece of the field-cleaned equipment will be selected for collection of arinse
blank. Atleast onerinseblank will be collected during each week of sampling operations. After
the piece of equipment has been field cleaned and prior to its being used for sample operations,
itwill berinsed with organic/analytefreewater. Therinsewater will be collected and submitted
for analyses of all constituentsfor which normal samplescollected with that piece of equipment
are being analyzed.

3. Organic/Anayte Free Water System Blanks -- When using a portable organic-free water
generating system in the field, a sample of the raw source water and water generated will be
collected at least once during each week of operations. The collected water sample will be
submitted for analyses of all constituents for which normal samples are being analyzed.

4. Material Blanks-- When construction materialsare being used on asitein such away asto have
apotential impact on constituent concentrationsin the sample, asample of the materialswill be
submitted for analyses. An example of a situation where construction blanks are required is
monitoring well construction. Inthissituation all materialsusedin well construction should be
submitted for analyses (e.g., grout, sand, tap water, etc.).
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5. Automatic Sampler Blanks -- In general, cleaning procedures outlined in Appendix B of this
SOP should be adequate to insure sample integrity. However, it isthe standard practice of the
Branch to submit automatic sampler blanks for analyses when automatic samplers are used to
collect samplesfaor organic compoundsand metal sanalyses. Automatic sampler blanksfor other
standard analyses may be submitted in the event of aspecial investigation (ie, criminal or civil).

TheQuality Assurance Officer will informthe proj ect |eaders and management when blank samples
are found to be unacceptably contaminated. The Quality Assurance Officer will immediately initiate an
investigation to determine the cause of the problem. The results of this investigation will be promptly
reported to appropriate personnel so that corrective action and/or qualifications to the data can be initiated.

5.13.11 Specia Quality Control Procedures for Water Samples for Extractable Organic Compounds,
Pesticides, or Herbicides Analyses (Matrix Duplicate)

Duplicate water samples shall be submitted to the laboratory for extractable organic compounds,
pesticides, and/or herbicides analyses from at |east one sampling location per project and laboratory used.
These samples should be collected from alocation expected to be relatively free from contamination, since
the samples will be used for laboratory quality control purposes. The duplicate samples should be clearly
identified as"Duplicate Samplefor Matrix Spike" on the sampletag, Chain-Of-Custody Record, inthefield
logbook, and on the Contract Laboratory Program (CLP) Traffic Report Form (if appropriate). This
procedure shall be followed for all projects where water samples are collected for the indicated analyses.

5.13.12 Special Quality Control Procedures for EPA Contract Laboratories

On a case-by-case basis, field investigators may be required to collect split samples (or duplicate
samples if appropriate) for analyses by both the Region 4 laboratory and contract |aboratories. The split
samplesareto be submitted to the Region 4 |aboratory using established procedures. The contract |aboratory
involved shall not benotified that samplesweresplit, i.e., there should be no indication on Chain-Of -Custody
Records or CLP Traffic Report Forms submitted to the contract laboratories that these samples were split
with the Region 4 laboratory.

5.13.13 Specia Quality Control Procedures for Dioxins and Furans

All samples collected for dioxins and furans analyses are analyzed by other EPA |aboratories or
through contract laboratories. The Region 4 laboratory does not conduct in-house analyses for dioxinsand
furans. The Region 4 laboratory should be consulted for the current quality control procedures for dioxin
and furan samples prior to the sampling event.

5.14 Internal Quality Control Procedures
5.14.1 Introduction

The focus of this subsection ison Field Equipment Center (FEC) operations involving preparation
of sampling and support equipment for field operationsaswell asfor field datagenerated under the Specific
Sample Collection Quality Control Procedures discussed in Section 5.13. Quality control checks of these
operations insure that field sampling teams are provided with equipment that is suitable for sampling use,
and that field sampling is conducted using proper procedures.
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5.14.2 Traceability Requirements

Records, in the form of bound notebooks, will be kept by FEC personnel documenting the dates of
operations and the person performing operations for the following:

Organic/Analyte Free Water System Maintenance (Field and FEC Systems) -- Maintenance on
field systems will be performed immediately following every major study, or at |east once per
calendar quarter. FEC system maintenancewill be performed at |east once per calendar quarter.

Air Monitoring Instrumentation Checkouts -- Pre-loadout checks on air monitoring
instrumentation will be recorded each time they are performed. Discrepancies will be
immediately reported to the Branch Safety Officer.

Self Contained Breathing Apparatus (SCBA) Checkouts -- Pre-loadout checks on SCBAs will
be recorded when they are performed. SCBA checkouts will be performed at |east once per
calendar quarter in the absence of loadout requests. Any discrepancies will be reported
immediately to the Branch Safety Officer.

Other Equipment Maintenance -- Maintenance performed on equipment other than that listed
abovewill berecordedin alogbook for miscellaneousfield equipment. All required repairswill
be reported to the FEC coordinator.

Sampling Containers and Latex Gloves -- A record will be kept of shipments received of
sampling containers and latex gloves. Containers and gloveswill be recorded by lot numbers.
Upon receipt, the Quality Assurance (QA) Officer will be notified. Containers and gloves
within areceived lot will not be used until they have been checked by the QA Officer.

All equipment cleaned and wrapped for field use will be marked with the date on which preparation
wascompleted. Equipment will bestoredinthe FEC in specified areasto minimizetherisk of contamination
while awaiting use.

5.14.3 Specific Quality Control Checks

At least once per calendar quarter, the QA Officer will conduct the following checks and issue a
written report on the results.

1. Collect and submit for analyses samples of each lot of containers received during that quarter.

Bottles from each lot will be tagged and sealed, then submitted for the following analyses:
One-Gallon Amber -- metals, cyanide, extractable organics, and pesticides.
8-0z. Glass -- metals, cyanide, extractable organics, and pesticides.
1-Liter Polyethylene -- metals and cyanide.
Latex glove samples will be collected as rinse blanks using organic/analyte free water. The
rinsate will be submitted for analyses of VOCs, metals, cyanide, extractable organics, and

pesticides. A new glove will be rinsed for each parameter (e.g., one glove for VOC sample,
another glove for metals, etc.) to avoid dilution of potential contaminants on the gloves.

EISOPQAM 5-37 November 2001



2. Collect and submit for analyses a sample of water from the FEC organic/analyte free water
system. The sample will be submitted for analyses of VOCs, metals, cyanide, extractable
organics, and pesticides.

3. Collect and submit for analyses a rinsate blank of at least one piece of sampling or sample
related equipment stored at the FEC. The samplewill submitted for analyses of VOCs, metals,
cyanide, extractable organics, and pesticides.

4. Coallect the results of field quality control samples from the project leaders for the quarter.
Normally, field quality control samples consist of the following:

Field split samples (not to include inter-lab splits);
Water VOC trip blank samples;

Soil VOC trip blank samples;

Inorganic sample preservative blanks;

Equipment field rinse blanks;

Field organic/analyte free water system blanks; and
Material blanks.

The QA Officer will evaluate all data received and immediately attempt to resolve any problems
found. A written report will beissued on the quality control checks during each calendar quarter. Thereport
will be submitted to appropriate personnel.

5.15 Investigation Derived Waste (IDW)
5.15.1 Typesof IDW
Materials which may become IDW are;

» Personnel protective equipment (PPE) -- This includes disposable coveralls, gloves, booties,
respirator canisters, splash suits, etc.

» Disposable equipment -- This includes plastic ground and equipment covers, aluminum fail,
conduit pipe, composite liquid waste samplers (COLIWASAS), Teflon® tubing, broken or
unused sample containers, sample container boxes, tape, etc.

»  Soail cuttings from drilling or hand augering.

e Drilling mud or water used for water rotary drilling.

» Ground water obtained through well development or well purging.

» Cleaning fluids such as spent solvents and washwater.

» Packing and shipping materials.

Table5.15.1 liststhetypes of IDW commonly generated during investigations, and current disposal
practices.

5.15.2 Management of Non-Hazardous IDW
Disposal of hon-hazardous IDW from hazardous waste sites should be addressed in the study plan.

To reduce the volume for transportation back to the FEC, it may be necessary to compact the waste into a
reusable container, such as a 55-gallon drum.
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If the waste is from an active facility, permission should be sought from the operator of the facility
to place the non-hazardous PPE, disposable equipment, and/or paper/cardboard wastes into the facilities
dumpsters. If necessary, these materialsmay be placed into municipal dumpsters, with the permission of the
owner. These materials may also be taken to a nearby permitted landfill. On larger studies, waste hauling
services may be obtained and a dumpster located at the study site. Non-hazardous IDW may also be buried
on site near the contamination source, with the burial location noted in the field logbook.

Disposal of non-hazardous|DW such asdrill cuttings, purgeor devel opment water, decontamination
washwater, drilling muds, etc., should be specified in the approved study plan. Itisrecommended that these
materials be placed into a unit with an environmental permit such as a landfill or sanitary sewer. These
materials must not be placed into dumpsters. If thefacility at which the study is being conducted is active,
permission should be sought to place these types of IDW into the facilities treatment system. It may be
feasible to spread drill cuttings around the borehole, or if the well istemporary, to place the cuttings back
into the borehole. Cuttings, purge water, or development water may also be placed in a pit in or near the
sourcearea. Monitoring well purge or devel opment water may al so be poured onto the ground downgradient
of the monitoring well. Purge water from private potable wells which are in service may be discharged
directly onto the ground surface.

The minimum requirements of this subsection are:
» Liquid and soil/sediment IDW must be containerized and analyzed before disposal.

» Thecoallection, handling, and proposed disposal method must be specified in the approved study
plan.

5.15.3 Management of Hazardous IDW

Disposal of hazardous or suspected hazardous IDW must be specified in the approved study plan.
Hazardous IDW must be disposed as specified in US-EPA regulations. If appropriate, these wastes may be
placed back in an active facility waste treatment system. These wastes may al so be disposed of inthe source
areafrom which they originated, if doing so does not endanger human health and the environment.

If on-site disposal is not feasible, and if the wastes are suspected to be hazardous, appropriate tests
must be conducted to make that determination. If they are determined to be hazardous wastes, they must be
properly contained and labeled. They may be stored on the site for amaximum of 90 days before they must
be manifested and shipped to a permitted treatment or disposal facility. Generation of hazardous | DW must
be anticipated, if possible, to permit arrangements for proper containerization, labeling, transportation, and
disposal/treatment in accordance with US-EPA regulations.

Thegeneration of hazardous|DW should be minimized to conserve Branch resources. Most routine
studies should not produce any hazardous IDW, with the exception of spent solvents and possibly purged
ground water. Care should be taken to keep non-hazardous materials segregated from hazardous waste
contaminated materials. The volume of spent solvents produced during equipment decontamination should
be controlled by applying only the minimum amount of solvent necessary, and capturing it separately from
the washwater.

At aminimum the requirements of the management of hazardous IDW are as follows:
»  Spent solvents must be returned to the FEC for proper disposal or recycling.

» All hazardous IDW must be containerized. Proper handling and disposal should be arranged
prior to commencement of field activities.
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TABLE 5.15.1
DISPOSAL of IDW

fitting lid. Identify and leave on-site with
permission of site operator, otherwise
arrange with WMD site manager for testing
and disposal.

TYPE HAZARDOUS NON-HAZARDOUS

PPE-Disposable Containerize in plastic 5-gallon bucket with Place waste in trash bag. Placein
tight-fitting lid. Identify and leave on-site dumpster with permission of site
with permission of site operator, otherwise operator, otherwise return to FEC for
return to FEC for proper disposal. disposal in dumpster.

PPE-Reusable Decontaminate as per Appendix B, if Decontaminate as per Appendix B.
possible. If the equipment cannot be
decontaminated, containerize in plastic 5-
gdlon bucket with tight-fitting lid. Identify
and leave on-site with permission of site
operator, otherwise return to FEC for proper
disposal.

Spent Solvents Containerize in original containers. Clearly N/A
identify contents. Leave on-site with
permission of site operator, otherwise return
to FEC for proper disposal.

Soil Cuttings Containerize in 55-gallon drum with tight- Containerize in 55-gallon drum with
fitting lid. Identify and leave on-site with tight-fitting lid. 1dentify and leave on-
permission of site operator, otherwise site with permission of site operator,
arrange with WMD site manager for testing otherwise arrange with site manager
and disposal. for testing and disposal.

Groundwater Containerize in 55-gallon drum with tight- Containerize in 55-gallon drum with

tight-fitting lid. Identify and leave on-
site with permission of site operator,
otherwise arrange with site manager
for testing and disposal.

Decontamination
Water

Containerize in 55-gallon drum with tight-
fitting lid. Identify and leave on-site with
permission of site operator, otherwise
arrange with WMD site manager for testing
and disposal.

Containerize in 55-gallon drum with
tight-fitting lid. 1dentify and leave on-
site with permission of site operator,
otherwise arrange with site manager
for testing and disposal.

Disposable Containerize in 55-gallon drum or 5-gallon Containerize in 55-gallon drum or 5-
Equipment plastic bucket with tight-fitting lid. Identify | gallon plastic bucket with tight-fitting
and leave on-site with permission of site lid. Identify and leave on-site with
operator, otherwise arrange with WMD site permission of site operator, otherwise
manager for testing and disposal. arrange with site manager for testing
and disposal.

Trash N/A Place waste in trash bag. Placein
dumpster with permission of site
operator, otherwise return to FEC for
disposal in dumpster.
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SECTION 6
DESIGN AND INSTALLATION OF MONITORING WELLS

PERFORMANCE OBJECTIVES:
» Ensure that the monitoring well will provide high quality samples.

» Ensure that the monitoring well is constructed properly and will last the duration of the
project.

» Ensure that the monitoring well will not serve as a conduit for contaminants to migrate
between aquifers.

6.1 Introduction

M ethodsand proceduresfor thedesign andinstallation of monitoringwellsto beemployedin Region
4 are contained in this section. They are to be used for all permanent and temporary monitoring wells
installed for collecting ground water samples for analysis.

6.2 Permanent Monitoring Wells - Design Considerations

The design and installation of permanent monitoring wells involves drilling into various types of
geologic formations that exhibit varying subsurface conditions. Designing and installing permanent
monitoring wells in these geologic environments may require several different drilling methods and
installation procedures. The selection of drilling methods and installation procedures should be based on
field data collected during a hydrogeologic site investigation and/or a search of existing data. Each
permanent monitoring well should be designed and installed to function properly throughout the duration
of the monitoring program. When designing monitoring wells, the following should be considered:

short-and long-term obj ectives,

purpose(s) of the well(s);

probable duration of the monitoring program;
contaminants likely to be monitored;

types of well construction materialsto be used,;
surface and subsurface geologic conditions;
properties of the aquifer(s) to be monitored;
well screen placement;

general site conditions; and

potential site health and safety hazards.

Each of theabove considerati ons can be expanded into many subtopi cs depending on the compl exity
of theproject. Indesigning permanent monitoringwells, themost reliabl e, obtai nabl e datashould be utilized.
Oncethe data have been assembled and the well design(s) compl eted, adrilling method(s) hasto be sel ected.
The preferred drilling procedures for installing permanent monitoring wells are those that temporarily case
the borehole during drilling and the construction of the well, e.g. hollow-stem augers and sonic methods.
However, site conditions may not aways be amenable to using these methods When this occurs, aternate
methods should be selected that will perform the job equally aswell. The following discussion of methods
and procedures for designing and installing monitoring wells will cover the different aspects of selecting
materials, drilling boreholes, and installing monitoring devices.
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6.3 Drilling Methods

The following drilling methods are listed in general order of preference; however, final selection
should be based on actual siteconditions. Inall cases, the proper field QA/QC procedures should beinitiated
before and during drilling to minimize the potentia for contamination. These QA/QC proceduresinclude,
but are not limited to, sampling and analyzing of al drilling materials such as drilling muds, filter sand,
bentonite pellets, grouts, and any potable water introduced during drilling.

6.3.1 Hollow-Stem Auger

Thistype of auger consists of ahollow, steel stem or shaft with a continuous, spiraled steel flight,
welded onto the exterior stem. A hollow auger bit, generally with carbide teeth, disturbs soil material when
rotated, whereupon the spiral flightstransport the cuttingsto the surface. Thismethod isbest suited in soils
that have atendency to collapse when disturbed. A monitoring well can beinstalled inside of hollow-stem
augerswith little or no concern for the caving potential of the soils and/or water table. However, retracting
augersin caving sand conditions while installing monitoring wells can be extremely difficult or impossible,
especialy since the augers have to be extracted without being rotated. If caving sands exist during
monitoring well installations, a drilling rig must be used that has enough power to extract the augers from
the borehole without having to rotate them. A bottom plug, trap door, or pilot bit assembly can be fastened
onto the bottom of the augers to keep out most of the soils and/or water that have a tendency to clog the
bottom of the augers during drilling. Potable water (analyzed for contaminants of concern) may be poured
into the augers (where applicable) to equalize pressure so that the inflow of formation materials and water
will be held to a minimum when the bottom plug is released. Water-tight center plugs are not acceptable
because they create suction when extracted from the augers. This suction forces or pulls cuttings and
formation material sinto the augers, defeating the purpose of the center plug. Augeringwithout acenter plug
or pilot bit assembly ispermitted, provided that the soil plug, formed in the bottom of the augers, isremoved
before sampling or installing well casings. Removing the soil plug from the augers can be accomplished by
washing out the plug using a side discharge rotary bit, or augering out the plug with a solid-stem auger bit
sized tofit inside the hollow-stem auger. Thetype of bottom plug, trap door, or pilot bit assembly proposed
for thedrilling activity should be approved by asenior field geologist prior to drilling operations. Boreholes
can be augered to depths of 150 feet or more (depending on the auger size), but generally boreholes are
augered to depths less than 100 feet.

6.3.2 Solid-Stem Auger

Thistype of auger consists of a solid stem or shaft with a continuous spiraled steel flight, welded
on the outer side of the stem, connected to an auger bit and when rotated transports cuttings to the surface.
Thisauger method is used in cohesive and semi-cohesive soilsthat do not have atendency to collapse when
disturbed. Boreholes can be augered to depths of 200 feet or more (depending on the auger size), but
generally boreholes are augered to depths less than 150 feet.

Both of the previously discussed auger methods can be used in unconsolidated soils and semi-
consolidated (weathered rock) soils, but not in competent rock. Each method can be employed without
introducing foreign materials into the borehol e such as water and drilling fluids, minimizing the potential
for cross contamination. Minimizing therisk of cross contamination isone of the most important factorsto
consider when selecting the appropriate drilling method(s) for a project.

6.3.3 Sonic Methods.

These methods alternately advance concentric hollow drill stemsusing rotation in conjunction with
axial vibration of thedrill stem. After each stage of drill stem advancement, theinner string isremoved with

EISOPQAM 6-2 November 2001



acoreof drill cuttingswhilethe outer string remainsto hold the borehole open. The cuttings can beremoved
nearly intact from the inner casing for examination of stratigraphy prior to disposal. Because there are no
auger flightsto increasethedrill stem diameter, the quantity of cuttingsremoved from the holeis minimized
as compared to hollow stem augering. Smearing of the formation materials on the boreholewallsisreduced
aswell. Thisdrilling method isuseful in avariety of materials, from flowing sands to heavily consolidated
or indurated formations.

In flowing sands, the drill casings can be filled and/or pressurized with potable water to prevent
excess entry of formation materials into the drill string. The same QA/QC requirements for sampling of
material introduced to the borehole apply as in other drilling methods. Because the amount of water
introduced into the borehole can be significant, an approximation of the water used in the drilling process
should be logged for use in estimating appropriate well development withdrawal .

Sonicdrillingallowsalarger diameter temporary casingto beset into aconfining layer whiledrilling
proceeds into deeper aquifers. This temporary casing is then removed during the grouting operation. In
many cases thiswill be acceptable technique. However, thelevel of contamination in the upper aquifer, the
importance of the lower aquifers for drinking water uses, the permeability and continuity of the confining
layer, and state regulations should be taken into account when specifying this practice as opposed to
permanent outer casing placed into the confining unit. Note that when using the temporary casing practice,
itiscritical that grout be mixed and placed properly as specified elsewhere in this section.

Because the total borehole diameter in sonic drilling is only incrementally larger than the inner
casing diameter, particular care should be taken that the well casing is placed in the center of the drill stem
while placing the filter pack. Centralizers may be required to facilitate thisin the case of deep wellswith
PVC casing.

6.3.4 Rotary Methods

These methods consists of a drill pipe or drill stem coupled to a drilling bit that rotates and cuts
through the soils. The cuttings produced from the rotation of the drilling bit are transported to the surface
by drilling fluids which generally consist of water, drilling mud, or air. The water, drilling mud, or air are
forced down through thedrill pipe, and out through the bottom of the drilling bit. The cuttings are then lifted
to the surface between the borehole wall and the drill pipe, (or within a concentric drill stem in reverse
rotary). Thedrilling fluids not only force the cuttings to the surface but also keepsthe drilling bit cool.
When considering thismethod, it isimportant to eval uatethe potential for contaminationwhenfluids
and/or air are introduced into the borehole. If the rotary method is selected as one of the drilling
methods, water rotary is the preferred method, followed by air rotary and mud rotary.

Due to the introduction of the various circulating fluids, the use of rotary methods requires
that the potential for contamination by these fluids be evaluated. Water and mud rotary methods
present the possibility of trace contamination of halogenated compounds when municipal water
supplies are used asapotablewater source. Air rotary drilling can introduce contamination through
the use of lubricants or entrained material inthe air stream. In any of the rotary (or sonic) methods,
care must be exercised in the sel ection and use of compoundsto prevent galling of drill stem threads.

Water Rotary

When using water rotary, potablewater (that has been analyzed for contaminants of concern) should
be used. If potable water (or ahigher quality water) isnot available on-site, then potable water will haveto
be transported to the site or an alternative drilling method will have to be selected. Water rotary is the
preferred rotary method because potable water isthe only fluid introduced into the borehole during drilling.
Water does not clog the formation materials reducing well development time; however this potable water
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will flow out into the surrounding formation materials (if permeable) and mix with the natural formation
water. This mixing of the drilling water and the natural formation water should be evaluated when
determining the drilling method. Generally, alarge majority of the drilling water will be recovered during
well development.

Air Rotary

Air rotary drilling uses air as adrilling fluid to entrain cuttings and carry them to the surface. High
air velocities, and consequently largeair volumesand compressor horsepower arerequired. ‘ Down-the-hol€e'
(DTH) percussion hammers driven by the air stream can be used with this method to rapidly penetrate
bedrock materials. Whereacasing through unconsolidated material isrequiredto prevent borehole collapse,
it can be driven in conjunction with advancement of the drill stem.

When using air rotary drillingin any zone of potential contamination, dual-tube reverse circulation
with acyclonevelocity dissipater for cuttings containment and separation isthepreferred method. Allowing
cuttings to blow uncontrolled from the borehole (as with the conventiona air rotary method) is not
acceptable.

Whenusing air rotary, theissue of contaminants being introduced into the borehole by theair stream
must be addressed. Screw compressor systems should have acoalescing filter system in good working order
to capture excess entrained compressor oils. Thelubricant to be used with ‘ down-the-hole’ hammersaswell
as thread lubricants to be used on drill stem should be evaluated for their potential impact on analytical
samples.

Mud Rotary

Mud rotary is the least preferred rotary method because contamination can be introduced into the
borehol e fromthe constituentsin thedrilling mud, cross contaminati on can occur along the boreholecolumn,
and it is very difficult to remove the drilling mud from the borehole after drilling and during well
development. Thedrilling mud can also carry contaminates from acontaminated zone to an uncontaminated
zone thereby cross-contaminating the borehole. 1f mud rotary is selected, only potable water and pure (no
additives) bentonite drilling muds should be used. All materials used should have adequate documentation
as to manufacturer's recommendations and product constituents. QA/QC samples of drilling muds and
potable water should be sampled at apoint of dischargefromthe circulation system to assure that pumpsand
piping systems are not contributing cross-contamination from previous use.

6.3.5 Other Methods

Other methods such asthe cable-tool method, jetting method, and boring (bucket auger) method are
available. If these and/or other methods are selected for monitoring well installations, they should be
approved by a senior field geologist before field work isinitiated.

6.4 Borehole Construction
6.4.1 Annular Space

The borehole or hollow stem auger should be of sufficient diameter so that well construction can
proceed without major difficulties. For open boreholes, the annular space should be approximately 2" to
alow theuniformdeposition of well materialsaround the screen and riser, and to allow the passage of tremie
pipes and well materials without unduly disturbing the boreholewall. For example, a2" nominal diameter
(nom.) casing would require a6" inside diameter (ID) borehole.
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In hollow stem augers and sonic method drill casing, the ID should be of sufficient sizeto allow the
passage of the tremie pipe to be used for well grout placement, as well as free passage of filter sands or
bentonite pell etsdropped through theauger or casing. Ingeneral, 4-1/4" 1D should betheminimum size used
for placement of 2"nom. casing and 8-1/4" ID for 4'nom. casing. Larger augers should be used where
installation difficulties dueto geologic conditions or greater depths are anticipated, e.g. larger augers might
be required to place a bentonite pellet seal through along water column.

6.4.2 Overdrilling the Borehole

Sometimesit is necessary to overdrill the borehole so that any soils that have not been removed or
that have fallen into the borehole during augering or drill stem retrieval, will fal to the bottom of the
borehole below the depth where the filter pack and well screen are to be placed. Normally, 3to 5 feet is
sufficient for overdrilling. The borehole can aso be overdrilled to allow for an extraspace or a"sump" area
below the well screen. This"sump" area provides a space to attach a5 or 10 foot section of well casing to
the bottom of the well screen. The extra space or "sump" below the well screen serves as a catch basin or
storage areafor sediment that flows into the well and drops out of suspension. These"sumps" are added to
the well screens when the wells are screened in aquifers that are naturally turbid and will not yield clear
formation water (free of visible sediment) even after extensive development. The sediment can then be
periodically pumped out of the "sump" preventing the well screen from clogging or "silting up”. If the
boreholeis overdrilled deeper than desired, it can be backfilled to the designed depth with bentonite pellets,
chips, or the filter sand that is to be used for the filter pack.

6.4.3 Filter Pack Placement

When placing the filter pack into the borehole, a minimum of 6-inches of the filter pack material
should be placed under the bottom of thewell screen to provide afirmfooting and an unrestricted flow under
the screened area. Also, thefilter pack should extend a minimum of 2-feet above the top of the well screen
to allow for settling and to isolate the screened interval from the grouting material. In open boreholes, the
filter pack should be placed by the tremie or positive displacement method. Placing the filter pack by
pouring the sand into an open drill stem is acceptable with the use hollow stem augers, and other methods
where the borehole is temporarily cased down to the filter pack.

6.4.4 Filter Pack Seal-Bentonite Pellet Seal (Plug)

Bentonite pellets consi st of ground, dried bentonite compacted into pelletsavailablein several sizes.
Bentonite pellets are compressed to a bulk density of 70-80 Ibs/cu.ft. and hydrate to a 30% min. solids
material.

Where neat cement grouts are to be used, the placement of a bentonite pellet seal above the filter
pack is mandatory to prevent the possibility of grout infiltration into the screened interval prior to setting.
Bentonite chips or other sealing products should not be substituted in this application. Where bentonite
grouts are to be used, the placement of a bentonite pellet seal is optional, but desirable.

Since the pelletsbegin hydrating rapidly, they arevery difficult to place by thetremiemethod. They
may be placed by pouring slowly into either open boreholesor hollow stem augers. A tamper should be used
to ensure that the material isbeing placed properly and to rapidly break up any pellet bridging that occurs.

Pellet seals should be designed for a two foot thickness of dry pellets above the filter pack.
Hydration may extend the height of the seal. Where neat cement grouts are to be used the pellets should be
hydrated for eight hours, or the manufacturer’ srecommended hydration time, whichever isgreater. Where
the water table is temporarily below the pellet seal, potable (or higher quality) water should be added
repeatedly to hydrate the pellets prior to grouting.
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6.4.5 Grouting the Annular Space

Theannular space between the casing and the boreholewall should befilled with either a30% solids
bentonite grout, a neat cement grout, or acement/bentonite grout. Each type of grout selected
should be evaluated as to its intended use and integrity.

Bentonite grout shall be a 30% solids pure bentonite grout with a minimum density of 10 Ib/gal.
Drilling muds are not acceptable for grouting. The grout should be placed into the borehole, by the tremie
method, from the top of the bentonite seal to within 2-feet of the ground surface or below the frost line,
whichever isthe greater depth. The bentonite pellet seal or filter pack should not be disturbed during grout
placement, either by the use of aside discharge port on the tremie tube, or by maintai ning clearance between
the bottom of the tremie tube and the bentonite seal or filter pack. The grout should be allowed to cure for
a minimum of 24 hours before the concrete surface pad is installed. The preferred method of achieving
proper solids content isby measurement of ingredients per the manufacturer’ s specifications during mixing.
Bentonite grouts should haveaminimumdensity of 10 Ibs/gal to ensure proper gelling and low permeability.
The density of the first batch of grout should be measured while mixing to verify proper measurement of
ingredients. Inaddition, the grouting operation should not cease until the bentonite grout flowing out of the
borehol e hasaminimumdensity of 10 I1bs/gal. A mud balance should be used to measure the specified grout
density of the bentonite grout. Estimating the grout density is not acceptable.

Neat cement grouts are generally dictated where a high level of dissolved solids or a particular
dissolved constituent woul d prevent proper gelling of abentonitegrout. Neat cement grouts should be mixed
using 6.5 to 7 gallons of water per 94-1b bag of Type 1 Portland cement. The addition of bentonite (5to 10
percent) to the cement grout is generally used to delay the "setting” time and may not be needed in all
applications. The specific mixtures and other types of cement and/or grout proposed should be evaluated
on a case by case basis by a senior field geologist.

6.4.6 Above Ground Riser Pipe and Outer Protective Casing

The well casing, when installed and grouted, should extend above the ground surface a minimum
of 2.5feet. A vent hole should bedrilled into the top of the well casing cap to permit pressure equalization,
if applicable. An outer protective casing should be installed into the borehole after the annular grout has
cured for at least 24 hours. The outer protective casing should be of steel construction with ahinged, locking
cap. Generally, outer protective casings used over 2-inch well casings are 4 inches square by 5 feet long.
Similarly, protective casings used over 4-inch well casings are 6 inches square and 5 feet long. Round
protective casings are also acceptable. All protective casings should have sufficient clearance around the
inner well casings, so that the outer protective casingswill not comeinto contact with theinner well casings
after installation. The protective casings should have a minimum of two weep holes for drainage. These
weep holes should be a minimum 1/4-inch in diameter and drilled into the protective casingsjust above the
top of the concrete surface padsto prevent water from standing inside of the protective casings. Protective
casings made of aluminum or other soft metals are normally not acceptable because they are not strong
enough to resist tampering. Aluminum protective casing may be used in very corrosive environments such
as coastal areas.

A protective casing is installed by pouring concrete into the borehole on top of the grout. The
protective casingisthen pushed into the wet concrete and borehole aminimum of 2 feet. Extraconcrete may
be needed to fill the inside of the protective casing so that the level of the concrete inside of the protective
casing isat or abovethe level of the surface pad. In areaswhere frost heave of the surface pad is possible,
the protective casing should first be pressed into thetop surface of the grout seal and concrete poured around
the protective casing. A granular material such as sand or gravel can then be used to fill the space between
the riser and protective casing. The protective casing should extend approximately 3 feet above the ground
surface or to aheight so that the cap of theinner well casing isexposed when the protective casing isopened.
At each site, all locks on the outer protective casings should be keyed alike.
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6.4.7 Concrete Surface Pad

A concrete surface pad should be installed around each well at the same time as the outer protective
casing is being installed. The surface pad should be formed around the well casing. Concrete should be
placed into the pad forms and into the borehole (on top of the grout) in one operation making a contiguous
unit. Thesize of the concrete surface pad is dependent onthewell casing size. If thewell casingis2 inches
in diameter, the pad should be 3 feet x 3 feet X 4 inches. If the well casing is 4 inchesin diameter, the pad
should be 4 feet x 4 feet x 6 inches. Round concrete surface pads are also acceptable. The finished pad
should be dlightly sloped so that drainage will flow away from the protective casing and off of the pad. A
minimum of oneinch of the finished pad should be bel ow grade to prevent washing and undermining by soil
erosion.

6.4.8 Surface Protection-Bumper Guards

If the monitoring wells are located in a high traffic area, a minimum of three bumper guards
consisting of steel pipes 3to 4 inchesin diameter and a minimum 5-foot length should be installed. These
bumper guards should be installed to a minimum depth of 2 feet below the ground surface in a concrete
footing and extend aminimum of 3 feet above ground surface. Concrete should also be placed into the steel
pipe to provide additional strength. Substantial steel rails and/or other steel materials can be used in place
of steel pipe. Welding bars between the bumper posts can provide additional strength and protectionin high
traffic areas, but the protective bumpers should not be connected to the protective casing.

6.5 Construction Techniques
6.5.1 Wéll Installation

The borehole should be bored, drilled, or augered as close to vertical as possible, and checked with
a plumb bob or level. Deviation from plumb should be within 1° per 50ft of depth. Slanted boreholeswill
not be acceptable unless specified in the design. The depth and volume of the borehole, including the
overdrillinaif apolicable. should have been cal cul ated and the aporopriate material sprocured orior todrillina
activities. Thewell casings should be secured to the well screen by flush-jointed threads and placed
into the borehole and plumbed by the use of centralizers and/or a plumb bob and level. Another
method of placing the well screen and casingsinto the borehole and plumbing it at the sametimeis
to suspend the string of well screen and casingsin the borehol e by means of the wireline on the drill rig.
The string of well screen and casings can be placed into the borehole and plumbed in one easy operation.
Thiswireline method is especially useful if the boreholeisdeep and along string of well screen and casings
haveto be set and plumbed. No lubricating oilsor grease should be used on casing threads. Teflon tape can
be used to wrap the threads to insure atight fit and minimize leakage. No glue of any type should be used
to secure casing joints. Teflon "O" rings can also be used to insure a tight fit and minimize leakage;
however, "O" rings made of other materials are not acceptableif the well isgoing to be sampled for organic
compound analyses. Before the well screen and casings are placed on the bottom of the borehole, at 1east
6 inches of filter material should be placed at the bottom of the borehole to serve as afirm footing. The
string of well screen and casings should then be placed into the borehole and plumbed. Centralizers can be
used to plumb awell, but centralizers should be placed so that the placement of the filter pack, bentonite
pellet seal, and annular grout will not be hindered. Centralizers placed in the wrong locations can cause
bridging during material placement. Monitoring wells less than 50 feet deep generally do not need
centralizers. If centralizers are used they should be placed below the well screen and above the bentonite
pellet seal. The specific placement intervals should be decided based on site conditions. When installing
the well screen and casings through hollow-stem augers, the augers should be slowly extracted as the filter
pack, bentonite seal, and grout are tremied and/or poured into place. The gradual extraction of the augers
will alow the materials being placed in the augers, to flow out of the bottom of the augersinto the borehole.
If the augers are not gradually extracted, the materials (sand, pellets, etc.) will accumulate at the bottom of
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the augers causing potential bridging problems. After the string of well screen and casingisplumb, thefilter
material should then be placed around the well screen (by the tremie method in open boreholes) up to the
designated depth. After thefilter pack hasbeeninstalled, the bentonite pellet seal (if used) should be placed
directly ontop of thefilter pack to an unhydrated thickness of two feet. Wheninstalling the seal for usewith
neat cement grouts, the bentonite pellet seal should be allowed to hydrate a minimum of eight hours or the
manufacturer's recommended hydration time, whichever islonger. After the pellet seal has hydrated for the
specified time, the grout should then be pumped by the tremie method into the annular space around the
casings up to within 2 feet of the ground surface or below the frostline, whichever isthe greater depth. The
grout should be allowed to set for a minimum of 24 hours before the surface pad and protective casing are
installed. After the surface pad and protective casing are installed, bumper guards should be installed (if
needed). The bumper guards should be placed around the concrete surface pad in a configuration that
provides maximum protection to thewell. Each piece of steel pipe or approved material should beinstalled
into an 8-to 10-inch diameter hole, to a minimum depth of 2 feet below ground surface, and filled with
concrete. Aspreviously stated, the bumper guard should extend above the ground surface a minimum of 3
feet. Thetotal length of each bumper guard should be a minimum of 5 feet.

After thewellshavebeeninstalled, the outer protective casing should be painted withahighly visible
enamel paint. The wells should be permanently marked with the well number, date installed, site name,
elevation, etc., either on the cover or an appropriate placethat will not be easily damaged and/or vandalized.

If the monitoring wells areinstalled in ahigh traffic areasuch asaparking lot, in aresidential yard,
or along the side of aroad it may be desirableto finish thewellsto the ground surface and install water-tight
flush mounted traffic and/or man-hole covers. Flush mounted traffic and man-hole covers are designed to
extend fromthe ground surface downinto the concrete plug around thewell casing. Although flush mounted
covers may vary in design, they should have seals that make the unit water-tight when closed and secured.
Theflush mounted coversshould beinstalled asfar above grade as practical to minimize standing water and
promote runoff. Permanent identification markings should be placed on the covers or in the concrete plug
around the cover. Expansive sealing plugs may be used in the well riser to prevent infiltration of any water
that might enter the flush cover.

6.5.2 Double Cased Wells

Double cased well sshould be constructed when thereisreason to believethat interconnection of two
aquifers by well construction may cause cross contamination, and/or when flowing sands makeit impossible
to install a monitoring well using conventional methods. A pilot borehole should be bored through the
overburden and/or the contaminated zone into the clay confining layer or bedrock. An outer casing
(sometimes called surface or pilot casings) should then be placed into the borehole and sealed with grout.
The borehole and outer casing should extend into tight clay a minimum of two feet and into competent
bedrock aminimum of 1foot. Thetotal depthsinto the clay or bedrock will vary, depending on the plasticity
of the clay and the extent of weathering and\or fracturing of the bedrock. The final depths should be
approved by asenior field geologist. The size of the outer casing should be of sufficient inside diameter (1D)
to contain the inner casing, and the 2-inch minimum annular space. In addition, the borehole should be of
sufficient size to contain the outer casing and the 2-inch minimum outer annular space, if applicable.

The outer casing should be grouted by the tremie method from the bottom to within 2 feet of the
ground surface. The grout should be pumped into the annular space between the outer casing and the
boreholewall. Thiscan be accomplished by either placing the tremie tubein the annular space and pumping
the grout from the bottom of the borehole to the surface, or placing agrout shoe or plug inside the casing at
the bottom of the borehole and pumping the grout through the bottom grout plug and up the annular space
on the outside of the casing. If the outer casing is set into very tight clay, both of the above methods might
haveto be used, becausethe clay usually formsatight seal inthe bottom and around the outside of the casing
preventing grout from flowing freely during grout injection. Onthe other hand, outer casing set into bedrock
normally will have space enough to alow grout to flow freely during injection. A minimum of 24 hours
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should be allowed for the grout plug (seal) to cure before attempting to drill through it. The grout mixture
used to seal the outer annular space should be either aneat cement, cement/bentonite, cement/sand, or a30%
solids bentonite grout. However, the seal or plug at the bottom of the borehole and outer casing should
consist of a Type | portland cement/bentonite or cement/sand mixture. The use of a pure bentonite grout
for abottom plug or seal is not acceptabl e, because the bentonite grout curesto agel-like material, and isnot
rigid enough to withstand the stresses of drilling. When drilling through the seal, care should be taken to
avoid cracking, shattering, and/or washing out the seal, which will be discussed inthe next section. If caving
conditions exist so that the outer casing cannot be sufficiently sealed by grouting, the outer casing should
be driven into place and a grout seal placed in the bottom of the casing. Removal of outer casings, which
are sometimes called temporary surface casings, after the well screens and casings have been installed and
grouted is not acceptable. Trying to remove outer surface casings after the inner casings have been grouted
could jeopardize the structural integrity of the well.

Bedrock Wells
The installation of monitoring wells into bedrock can be accomplished in two ways:

1 Thefirst method isto drill or bore apilot borehol e through the soil overburden into the bedrock. An
outer casing is then installed into the borehole by setting it into the bedrock, and grouting it into
place asdescribed inthe previous section. After the grout has set, the borehol e can then be advanced
through the grout seal into the bedrock. The preferred method of advancing the borehole into the
bedrock is rock coring. Rock coring makes a smooth, round hole through the seal and into the
bedrock without cracking and/or shattering the seal. Roller cone bits are used in soft bedrock, but
extreme caution should be taken when using aroller cone bit to advance through the grout seal in
the bottom of the borehol e because excessivewater and " down" pressure can cause cracking, eroding
(washing), and/or shattering of the seal. Low volume air hammers may be used to advance the
borehole, but they have a tendency to shatter the seal because of the hammering action. If the
structural integrity of the grout seal isin question, a pressure test can be utilized to check for leaks.
A visual test can also be made by examining the cement/concrete corethat is collected when the seal
is cored with adiamond coring bit. If the seal leaks (detected by pressure testing) and/ or the core
iscracked or shattered, or if no coreisrecovered because of washing, excessive down pressure, etc.,
the seal is not acceptable. The concern over the structural integrity of the grout seal appliesto all
double cased wells. Any proposed method of double casing and/or seal testing will be evaluated on
its own merits, and will have to be approved by a senior field geologist before and during drilling
activities, if applicable. When the drilling is complete, the finished well will consist of an open
borehole from the ground surface to the bottom of thewell. Thereisno inner casing, and the outer
surface casing, installed down into bedrock, extends above the ground surface, and also serves as
the outer protective casing. If the protective casing becomes cracked or is sheared off at the ground
surface, thewell isopen to direct contamination fromthe ground surface and will haveto berepaired
immediately or abandoned. Another limitation to the open rock well is that the entire bedrock
interval serves as the monitoring zone. In this situation, it is very difficult or even impossible to
monitor aspecific zone, because the contaminants being monitored could be diluted to the extent of
being nondetectable. The installation of open bedrock wells is generally not acceptable in the
Superfund and RCRA programs, because of the uncontrolled monitoring intervals. However, some
site conditions might exist, especially in cavernous limestone areas (Karst topography) or in areas
of highly fractured bedrock, where the installation of the filter pack and its structural integrity are
guestionable. Under these conditions the design of an open bedrock well may be warranted.
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2. The second method of installing a monitoring well into bedrock istoinstall the outer surface casing
and drill the borehole (by an approved method) into bedrock, and then install an inner casing and
well screen with the filter pack, bentonite seal, and annular grout. The well is completed with a
surface protective casing and concrete pad. This well installation method gives the flexibility of
isolating the monitoring zone(s) and minimizing inter-aquifer flow. In addition, it gives structural
integrity tothewell, especially in unstabl e areas (steeply dipping shales, etc.) wherethe bedrock has
atendency to shift or move when disturbed. Omitting the filter pack around the well screenisa
general practicein someopen rock boreholeinstallations, especially in drinking water and irrigation
wells. However, without thefilter pack to protect the screened interval, sediment particlesfrom the
well installation and/or from the monitoring zone could clog the well screen and/or fill the screened
portion of the well rendering it inoperable. Also, the filter pack serves as a barrier between the
bentonite seal and the screened interval. Rubber inflatable packers have been used to place the
bentonite seal when thefilter pack isomitted, but the packershaveto remaininthewell permanently
and, over aperiod of time, will decompose and possibly contribute contaminants to the monitoring
zone.

6.6 Well Construction M aterials
6.6.1 Introduction

Well construction material sare chosen based on the goal sand obyj ectives of the proposed monitoring
program and the geologic conditions at the site(s). In this section, the different types of available materials
will be discussed.

6.6.2 Well Screen and Casing Materials

When selecting the materialsfor well construction, the prime concern should be to select materials
that will not contribute foreign constituents, or remove contaminants of concern from the ground water. If
the monitoring program is designed to analyze for organic compounds, stainless steel materials are the
preferred choice. If the monitoring program calls for the analyses of only inorganic compounds or the
contaminants or formation are highly corrosive, then rigid PVC materials meeting National Sanitary
Foundation (NSF) Standard 14 type WC (Well Casing) are acceptable. PV C materials may be acceptable
for monitoringidentified organic compoundsin asol uble agueous phase where incompatibilitiesareknown
to not exist. EPA document EPA/540/S-95/503, Nonagueous Phase Liquids Compatibility with Materials
Usedin Well Construction, Sampling, and Remediation (http://www.epa.gov/ada/downl oad/issue/napl . pdf)
should be used for guidance in this area and in the use of PV C with Nonagueous Phase Liquids (NAPLS).
Another concernisto select material sthat will be rugged enough to endurethe entire monitoring period. Site
conditions will generally dictate the kind of materials that can be used. A preliminary field investigation
should be conducted to determinethe geol ogic conditions, so that the most suitable material s can be selected.
The best grade or highest quality material for that particular application should be selected. Each
manufacturer can supply the qualitative data for each grade of material that is being considered. All
materials selected for monitoring well installation should be evaluated and approved by a senior field
geologist prior to field activities.

Well screen and casing materials generally used in monitoring well construction on RCRA and
Superfund sites are listed in order of preference:

Q) Stainless Steel (304 or 316)
(2 Rigid PV C meeting NSF Standard 14 (type WC)
(©)) Other (where applicable)
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There are other materials used for well screens and casings such as black iron, carbon stedl,
galvanized steel, and fiberglass, but these materials are not recommended for use in long term monitoring
programs at hazardous waste sites, because of their low resistance to chemical attack and potential
constituent contribution to the ground water. In caseswhere adriven casingisused, or ahigh strength outer
casing is needed, carbon steel may be acceptable in non-corrosive aquifers. This outer casing should have
threaded connections. Welding casing is not an acceptable practice unless all relevant safety issues have
been adequately addressed.

The minimum nominal casing size for most permanent monitoring wells will be 2". Where a
complete program of installation, monitoring, and abandonment is being desianed, smaller wells may be
installed if suitable puraing and sampling equipment for the smaller diameter wells can be specified and
obtained. The length of well screensin permanent monitoring wells should be long enough to effectively
monitor theinterval or zone of interest. However, well screens designed for long term monitoring purposes
should normally not be lessthan 5 feet in length. Well screens less that 5 feet long are acceptablein only
temporary monitoring wells where ground water samples are collected for screening purposes.

6.6.3 Filter Pack Materids

Thefilter pack materials should consist of clean, rounded to well-rounded, hard, insoluble particles
of siliceous composition. The required grain-size distribution or particle sizes of the filter pack materials
should be selected based upon a sieve analysis conducted on the soil samples collected from the aquifer
materials and/or the formation(s) to be monitored. Filter pack materials should not be acceptable unless
proper documentation can be furnished as to the composition, grain-size distribution, cleaning procedure,
and chemical analysis. If a data search revealsthat there is enough existing data to adequately design the
well screen and filter pack, then it may not be necessary to conduct a sieve analysis on the formation
materials to be monitored. However, all data and design proposals will be evaluated and approved by a
senior staff geologist before field activities begin.

6.6.4 Filter Pack and Well Screen Design

Themajority of monitoring wellsareinstalled in shallow ground water aquifersthat consist of silts,
clays, and sands in various combinations. These shallow aquifers are not generally characteristic of sand
aquifers used for drinking water. Therefore, modifications to the procedures used for the design of water
well filter packs may be required. In cases where insufficient experience exists with local or similar
materials, thefilter pack and well screen design should be based on the results of asieve analysis conducted
on soil samples collected from the aguifer or the formation(s) that will be monitored.

In formations consisting primarily of fines (silts and clays), the procedures for water well screen
design may result in requirementsfor filter packs and screen slot sizesthat are not available. Inthose cases
the selection of 0.010" screen slots with a 20-40 sand filter pack, or 0.005" screen slots with 100 sand filter
pack for very fine formations, will be acceptable practice. Table 6.6.1 provides size specificationsfor the
selection of sand packs for fine formation materials. ASTM standard D5092, Design and Installation of
Ground Water Monitoring Wellsin Aquifers, may be consulted for further guidance on specifications for
sand appropriate for these applications.
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Table 6.6.1

Sand Pack Specifications

Screen Sand 1% Passing | 10% Passing | 30% Passing Derived Range for
Opening Pack Size (d-1) Size (d-10) Size (d-30) | 60% Passing | Uniformity
(in) Mesh (in) (in) (in) Size (d-60) | Coefficient
Name (in)
0.005"-0.006" 100 35-47 55-6.7 6.7-8.3 85-134 1.3-20
0.010" 20-40 9.8-13.8 15.7-19.7 19.7-23.6 20-315 11-16

The following procedure should be used in coarser grained formations.

The data from the sieve analysis are plotted on a grain-size distribution graph, and a grain-size
distribution curve is generated. From this grain-size distribution curve, the uniformity coefficient (Cu) of
theaguifer material isdetermined. The Cuistheratio of the 60 percent finer material (d60) to the 10 percent
finer material (d10)

Cu = (d60/d10)

The Cu ratio isaway of grading or rating the uniformity of grain size. For example, a Cu of unity
meansthat the individual grain sizes of the material are nearly all the same, while a Cu with alarge number
meansalargerange of sizes. Asageneral rule, aCu of 2.5 or less should be used in designing the filter pack
and well screen.

Before designing the filter pack and well screen, the following factors should be considered:
1. Select the well screen slot openings that will retain 90 percent of the filter pack material.

2. Thefilter pack material should be of the size that minimizes head |osses through the pack and
also prevents excessive sediment (sand, silt, clay) movement into the well.

3. A filter material of varying grain sizes is not acceptable because the smaller particles fill the
spaces between the larger particlesthereby reducing the void spaces and increasing resistance to
flow. Therefore, filter material of the same grain size and well rounded is preferred.

4. Thefilter pack design is based on the gradation of the finest aquifer materials being analyzed.
Stepsto design afilter pack in aguifers:

1. Construct a grain-size distribution curve, on a grain-size distribution graph, from the sieve
analysis of the aguifer materials. The filter pack design (as stated above) is based on the
gradation of the finest aquifer materials.

2. Multiply the d30 size from the grain-size distribution graph by a factor of four to nine (Pack-
Aquifer ratio). A factor of four isused if the formation is fine-grained and uniform (Cu is less
than 3), six if it is coarse-grained and non-uniform, and up to nineif it is highly non-uniform and
containssilt. Head lossesthrough filter packsincrease asthe Pack-Aquifer(P-A) ratiosdecrease.
In order to design afairly stable filter pack with a minimum head loss, the d30 size should be
multiplied by afactor of four.
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3. Plot the point from step 2 on the d30 abscissa of a grain-size distribution graph and draw a
smooth curve with a uniformity coefficient of approximately 2.5.

4. A curve for the permissible limits of the filter pack is drawn plus or minus 8 per cent of the
desired curve with the Cu of 2.5.

5. Select the slot openings for the well screen that will retain 90 per cent or more of thefilter pack
material.

The specific steps and procedures for sieve analysis and filter pack design can be found in soil
mechanics, ground water, and water well design books. The staff geologists and/or engineers should be
responsible for the correct design of the monitoring wells and should be able to perform the design
procedures.

6.7 Safety Proceduresfor Drilling Activities

A site health and safety plan should be developed and approved by the Branch Safety Officer or
designee prior to any drilling activities, and should be followed during all drilling activities. Thedriller or
designated safety person should be responsible for the safety of the drilling team performing the drilling
activities. All personnel conducting drilling activities should be qualified in proper drilling and safety
procedures. Beforeany drilling activity isinitiated, the areashould be surveyed with the necessary detection
equipment to locate, flag, or mark, all under ground utilities such as electrical lines, natural gas lines, fuel
tanks and lines, water lines, etc. Before operating the drill rig, a pilot hole should be dug (with hand
equipment) to adepth of two to three feet to check for undetected utilities or buried objects. Proceed with
caution until a safe depth is reached where utilities normally would not be buried. The following safety
requirements should be adhered to while performing drilling activities:

1. All drilling personnel should wear safety hats, safety glasses, and steel toed boots. Ear plugs
are required and will be provided by the safety officer or driller.

2. Work gloves (cotton, leather, etc.) should be worn when working around or while handling
drilling equipment.

3. All personnel directly involved with the drilling rig(s) should know where the kill switch(s) is
located in case of emergencies.

4. All personnel should stav clear of the drill rods or aucers while in motion. and should not arab
or attempt to attach atool to thedrill rods or aucersuntil thev have compl etelv stopped rotatina.
Rod wipers. rather than aloves or bare hands should be used to remove mud, or other material,
from drill stem asit iswithdrawn from the borehole.

5. Do not hold drill rods or anv part of the safetv hammer assembly while taking standard
penetration tests or while the hammer is being operated.

6. Do not lean against the drill rig or place hands on or near moving parts at the rear of the rig
whileit is operating.

7. Keepthedrilling areaclear of any excess debris, tools, or drilling equipment.

8. Do not climb on thedrillinaria whileit isbeina operated or attempt to repair therig whileitis
being operated. Thedriller will direct all work on therig.

9. Do not move or pick up any drilling equipment unless directed by the driller and/or the project
leader.
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10. Each drill ria will have a first-aid kit and a fire extinauisher located on the ria in a location
auickly accessible for emergencies. All drilling personnel will be familiarized with their
location.

11. Work clotheswill befirmfittina. but comfortable and free of straps, |oose ends, stringsetc., that
might catch on some moving part of the drill rig.

12. Rings or other jewelry will not be worn while working around the drill rig.

13. Thedrill rig should not be operated within aminimum distance of 20 feet of overhead electrical
power lines and/or buried utilities that might cause a safety hazard. In addition, the drill rig
should not be operated while there is lightening in the area of the drilling site. If an electrical
storm moves in during drilling activities, vacate the area until it is safe to return.

6.8 Well Development

A newly completed monitoring well should not be developed for at least 24 hours after the surface
pad and outer protective casing areinstalled. Thiswill alow sufficient time for the well materialsto cure
before development procedures are initiated. The main purpose of developing new monitoring wellsisto
remove the residual materials remaining in the wells after installation has been completed, and to try to re-
establish the natural hydraulic flow conditions of the formations which may have been disturbed by well
construction, around theimmediate vicinity of each well. A new monitoring well should be devel oped until
the column of water in the well isfree of visible sediment, and the pH, temperature, turbidity, and specific
conductivity have stabilized. In most casesthe above requirements can be satisfied; however, in some cases
the pH, temperature, and specific conductivity may stabilize but the water remains turbid. In this case the
well may still contain well construction materials, such as drilling mud in the form of a mud cake and/or
formation soils, that have not been washed out of the borehole. Excessive or thick drilling muds can not be
flushed out of a borehole with one or two well volumes of flushing. Continuous flushing over a period of
several days may be necessary to complete the well development. If the well is pumped to dryness or near
dryness, the water table should be allowed to sufficiently recover (to the static water level) before the next
development period isinitiated. Caution should be taken when using high rate pumps and/or large volume
air compressors during well development because excessive high rate pumping and high air pressures can
damage or destroy the well screen and filter pack. The onsite geologist should make the decision asto the
development completion of each well. All field decisions should be documented in the field log book.

The following development procedures, listed in increasing order of the energy applied to the
formation materials, are generally used to develop monitoring wells:

1. Bailing

2. Pumping/overpumping

3. Surging

4. Backwashing ("rawhiding")

5. Jetting

6. Compressed air (with appropriate filtering): airlift pumping and air surging

These devel opmental procedures can be used, individually or in combination, in order to achievethe
most effective well development. 1n most cases, overpumping and surging will adequately devel op thewell
without imparting undue forces on the formation or well materials. Except when compressed air is being
used for well development, sampling can beinitiated as soon asthe ground water hasre-equilibrated, isfree
of visible sediment, and the water quality parameters have stabilized. Since site conditions vary, even
between wells, a general rule-of-thumb is to wait 24 hours after development to sample a new monitoring
well. Wells devel oped with stressful measures may require aslong as a 7-day interval before sampling. In
particular, air surge developed wellsrequire 48 hours or longer after development so that the formation can
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dispel the compressed air and restabilize to pre-well construction conditions. Because of the danger of
introducing contaminants with the airstream, the possibility of entraining air in the aquifer, and the violent
forces imparted to the formation, air surging is the least desired method of development. The selected
devel opment method(s) should be approved by asenior field geologist before any well installation activities
areinitiated.

6.9 Well Abandonment

When a decision is made to abandon a monitoring well, the borehole should be sealed in such a
manner that the well can not act as a conduit for migration of contaminants from the ground surface to the
water table or between aquifers. To properly abandon awell, the preferred method isto completely remove
the well casing and screen from the borehol e, clean out the borehol e, and backfill with acement or bentonite
grout, neat cement, or concrete. In order to comply with state well abandonment requirements, the
appropriate state agency should benotified (if applicable) of monitoring well abandonment. However, some
state requirements are not explicit, so a technically sound well abandonment method should be designed
based on the site geology, well casing materials, and general condition of the well(s).

6.9.1 Abandonment Procedures

Aspreviously stated the preferred method shoul d beto compl etely removethewell casing and screen
from the borehole. This may be accomplished by augering with a hollow-stem auger over the well casing
down to the bottom of the borehol e, thereby removing the grout and filter pack materialsfromthe hole. The
well casing should then be removed from the hole with the drill rig. The clean borehole can then be
backfilled with the appropriate grout material. Thebackfill material should be placed into the boreholefrom
the bottom to the top by pressure grouting with the positive displacement method (tremie method). Thetop
2 feet of the borehole should be poured with concrete to insure a secure surface seal (plug). If the area has
heavy traffic use, and/or the well locations need to be permanently marked, then a protective surface pad(s)
and/or steel bumper guardsshould beinstalled. The concrete surface plug can also be recessed below ground
surfaceif the potential for construction activitiesexists. Thisabandonment method can be accomplished on
small diameter (1-inch to 4-inch) wells without too much difficulty. With wells having 6-inch or larger
diameters, the use of hollow-stem augersfor casing removal isvery difficult or almost impossible. Instead
of trying to ream the borehole with a hollow-stem auger, it is more practical to force adrill stem with a
tapered wedge assembly or a solid-stem auger into the well casing and extract it out of the borehole. Wells
with little or no grouted annular space and/or sound well casings can be removed in this manner. However,
old wellswith badly corroded casings and/or thickly grouted annular space have atendency to twist and/or
break-off in the borehole. When this occurs, the well will have to be grouted with the remaining casing left
in the borehole. The preferred method in this case should be to pressure grout the borehole by placing the
tremie tube to the bottom of the well casing, which will be the well screen or the bottom sump area below
thewell screen. The pressurized grout will beforced out through the well screen into thefilter material and
up theinside of thewell casing sealing holesand breaksthat are present. Thetremietube should beretracted
slowly asthegrout fillsthe casing. Thewell casing should be cut off even with the ground surface and filled
with concreteto adepth of 2 feet below the surface. If the casing has been broken off below the surface, the
grout should be tremied to within 2 feet of the surface and then finished to the ground surface with concrete.
The surface pad or specified surface protection shall then be installed.

A PVCwell casing may be more difficult to remove from the borehole than ametal casing, because
of itshrittleness. If the PV C well casing breaks during removal, the borehol e should be cleaned out by using
adrag bit or roller cone bit with the wet rotary method to grind the casing into small cuttings that will be
flushed out of the borehole by water or drilling mud. Another method is to use a solid-stem auger with a
carbidetooth bit to grind the PV C casing into small cuttingsthat will be brought to the surface ontherotating
flights. After the casing material s have been removed from the borehol e, the borehol e should be cleaned out
and pressure grouted with the approved grouting materials. As previously stated, the borehole should be
finished with a concrete surface plug and adequate surface protection, unless directed otherwise.
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6.10 Temporary Monitoring Well Installation
6.10.1 Introduction

Five types of temporary monitoring well installation techniques have been demonstrated as
acceptable. Thetype selected for aparticular siteis dependent upon site conditions. The project leader and
site geologist should be prepared to test temporary well installations on site and select the best solution.
Temporary wellsare cost effective, may beinstalled quickly, and provide asynoptic picture of ground water
quality.

Temporary monitoring well locations are not permanently marked, nor aretheir elevationsnormally
determined. Sand pack materials may or may not be used, but typically there is no bentonite seal, grout,
surface completion, or extensive development (as it normally applies to permanent monitoring wells).
Temporary wells are generaly installed, purged, sampled, removed, and backfilled in a matter of hours.

Dueto the nature of construction, turbidity levelsmay initialy be high. However, theselevelsmay
be reduced by low flow purging and sampling techniques as described in Section 7.2.4.

Temporary wellsmay beleft overnight, for sampling thefollowing day, but thewell must be secured.
If the well is not sampled immediately after construction, the well should be purged prior to sampling as
specified in Section 7.2.4.

6.10.2 DataLimitation

Temporary wells described in this section are best used for delineation of contaminant plumes, at
apointintime, and for somesite screening purposes. They are not intended to repl ace permanent monitoring
wells. Perhaps the best use for temporary wells is in conjunction with a mobile laboratory, where quick
analytical results can be used to delininate contaminant plumes.

6.10.3 Temporary Well Materials

Materials used in construction of temporary monitoring wells are the same standard materials used
in the construction of permanent monitoring wells. Sand used for the filter pack (if any) should be as
specified in Section 6.6.3. The well screen and casing should be stainless steel for ruggedness and
suitability for steam cleaning and solvent rinsing. Other materialsmay be acceptable, onacaseby casebasis.
Some commercially available temporary well materials, pre-packed riser, screen and filter pack assemblies
areavailablecommercially; however, these pre-assembled material scannot be cleaned. Appropriate QA/QC
must be performed to assure there will be no introduction of contamination.

6.10.4 Temporary Monitoring Well Borehole Construction

Borehole construction for temporary wells is as specified in Section 6.4, using a drill rig.
Alternatively, boreholesmay be constructed using hand augersor portable powered augers(generally limited
to depths of ten feet or less). If adrill rig is used to advance the borehole, the augers must be pulled back
the length of the well screen (or removed completely) prior to sampling. When hand augers are used, the
borehole is advanced to the desired depth (or to the point where borehole collapse occurs). In situations
where borehole collapse occurs, the auger bucket istypicaly left in the hole at the point of collapse while
the temporary well is assembled. When the well is completely assembled, afinal auger bucket of material
is quickly removed and the well isimmediately inserted into the borehole, pushing, as needed, to achieve
maximum penetration into the saturated materials.
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6.10.5 Temporary Monitoring Well Types

Five types of monitoring wells which have been shown to be acceptable are presented in the order
of increasing difficulty to install and increasing cost:

No Filter Pack

Thisisthemost commontemporary well andisvery effectivein many situations. After the borehole
is completed, the casing and screen are simply inserted. Thisisthe most inexpensive and fastest well to
install. Thistypewell isextremely sensitive to turbidity fluctuations, because there is no filter pack. Care
should be taken to not disturb the casing during purging and sampling.

Inner Filter Pack

Thistype differsfrom the "No Pack" only in that afilter pack is placed inside the screen to alevel
approximately 6 inches above the well screen. This ensures that all water within the casing has passed
through the filter pack. For thistype well to function properly, the static water level must be 6-12 inches
above the filter pack.

Traditional Filter Pack

For this type, the screen and casing are inserted into the borehole, and the sand is poured into the
annular space surrounding the screen and casing. Occasionally, it may bedifficult to effectively placeafilter
pack around shallow open boreholes, dueto collapse. This method requires more sand than the "inner filter
pack" well, increasing material costs. As the filter pack is placed, it mixes with the muddy water in the
borehol e, which may increase the amount of time needed to purgethewell to an acceptablelevel of turbidity.

Double Filter Pack

The borehole is advanced to the desired depth. As with the "inner filter pack" the well screen is
filled withfilter pack material and thewell screen and casinginserted until thetop of thefilter pack isat | east
6 inchesbelow the water table. Filter pack material is poured into the annular space around the well screen.
Thistypetemporary well construction can bevery effectivein aguiferswherefinesiltsor clays predominate.
This construction technique takes longer to implement and uses more filter pack material than others
previously discussed.

Wdll-in-a-Wedll

Theboreholeisadvanced to the desired depth. At thispoint, al-inchwell screenand sufficient riser
isinserted into a 2-inch well screen with sufficient riser, and centered. Filter pack material is then placed
into the annular space surrounding the 1-inch well screen, to approximately 6 inches above the screen. The
well isthen inserted into the borehole.

This system requires twice as much well screen and casing, with subsequent increase in material
cost. The increased amount of well construction materials results in a corresponding increase in
decontaminationtimeand costs. If pre-packed wellsareused, ahigher degree of QA/QC will resultin higher
overall cost.

6.10.6 Backfilling
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Itisthegenerally accepted practiceto backfill the borehole from the abandoned temporary well with
the sail cuttings. Use of cuttings would not be an acceptable practice if waste materials were encountered
or aconfining layer wasinadvertently breached. Likewise, wherethe boreholeis adjacent to or, downslope
of contaminated areas, the loose backfilled material could create a high permeability conduit for the
contaminant migration. If for some reason the borehol e cannot be backfilled with the soil cuttings, then the
same protocols set forth in Section 6.9 should be applied. Section 5.15 should be referenced regarding
disposal of IDW.

6.11 Temporary MonitoringWell Installation Usingthe Geopr obe® Screen Point 15 Groundwater
Sampler

6.11.1 Introduction

The Geoprobe® Screen Point 15 Groundwater Sampler isadiscreteinterval ground water sampling
devicethat can be pushed to pre-sel ected sampling depthsin saturated, unconsolidated material s, opened and
sampled as atemporary monitoring well. It isasealed sample device, opened at the desired depth, yielding
arepresentative, uncompromised sample from that depth. Using knock-out plugs, this method also allows
for grouting of the push hole during sample tool retrieval after sample collection.

The Screen Point 15 sampler consist of four parts (drive point, screen, sampler sheath and drive
head), with an assembled length of 52 inches (1321 mm) and amaximum OD of 1.5 inches (38 mm). When
opened, it has an exposed screen length of 41 inches (1041 mm). It istypically pushed using 1.25-inch
probe rod.

Thefollowingisastep-by-step description of the componentsand proceduresusedtoinstall aScreen
Point 15 Groundwater Sampler.

6.11.2 Assembly of Screen Point 15 Groundwater Sampler
1. Install O-ring on expendable point and firmly seat in the necked end of the sampler sheath.
2. Place agrout plug in the lower end of the screen section.

3. When using a stainless steel screen, place another O-ring in the groove on the upper end of the
screen and slide it into the sampler sheath.

4. Place an O-ring on the bottom of the drive head and thread into the top of the sampler sheath.

5. The Screen Point 15 Groundwater Sampler is now assembled and ready to push for sample
collection.

6.11.3 Instalation of Screen Point 15 Groundwater Sampler
1. Attach drive cap to top of sampler and slowly drive it into the ground. Raise the hammer
assembly, remove the drive cap and place an O-ring in the top groove of the drive head. Add a
probe rod and continue push.

2. Continue to add probe rods until the desired sampling depth is reached.

3. When the desired sampling depth isreached, re-position the probe derrick and position either the
casing puller assembly or the rod grip puller over the top of the top probe rod.
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4. Thread a screen push adapter on an extension rod and attach sufficient additional extension rods
to reach the top of the Screen Point 15 sampler. Add an extension handle to the top of the string of
extension rods and run thisinto the probe rod, resting the screen push adapter on top of the sampler.

5. To expose the screened portion of the sampler, exert downward pressure on the sampler, using
the extension rod and push adapter, while pulling the probe rod upward. To expose the entire open
portion of the screen, pull the probe rod upward approximately 41 inches.

6. At this point, the Screen Point 15 Groundwater Sampler has been installed as atemporary well
and may be sampled using appropriate ground water sampling methodology. EIB personnel typically
use a peristaltic pump, utilizing low-flow methods, to collect ground water samples from these
installations (see Section 7, Ground Water Sampling, for a detailed description of these techniques
and methods).

6.11.4 Specia Considerations for Screen Point 15 Installations

Grouting

In many applications, it may be appropriate to grout the abandoned probe hole where a Screen Point
15 sampler wasinstalled. Thisisaccomplished viapressure grouting through the probe rod during sampler
retrieval. To accomplish this, the grout plug is knocked out of the bottom of the screen using a grout plug
push adapter and agrout nozzleisfed through the probe rod, extending just bel ow the bottom of the screen.
Asthe proberod and sampler are pulled, grout isinjected in the open hol e below the screen at arate that just
fills the open hole created by the pull. Teflon® grout plugs are used for al EIB investigations using this
method of abandonment.

Screen Materia Selection

Screen selection isalso a consideration in sampling with the Screen Point 15 sampler. The screens
areavailablein two materials, stainless steel and PV C. Because of stainless steel’ s durability, ability to be
cleaned and re-used and overall inertness and compatibility with most contaminants, it is the choice of
materials for al EIB investigations.
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SECTION 7
GROUND WATER SAMPLING

PERFORMANCE OBJECTIVES:

. To collect a sample representative of ground water residing in the formation of
interest.

. To reduce the potential bias caused by the sampling equipment used to obtain the
sample.

7.1 Introduction

Ground water sampling may be required for a variety of reasons, such as examining potable or
industrial water supplies, checkingfor and/or tracking contaminant plume movement inthevicinity of aland
disposal or spill site, Resource Conservation Recovery Act (RCRA) compliance monitoring, or examining
a site where historical information is minimal or non-existent but where it is thought that ground water
contamination may have occurred.

Ground water samplesare usually obtained from either temporarily or permanently installed ground
water monitoring wells. They can aso be obtained, however, anywhere ground water is present, such asin
apit or adug or drilled hole.

Occasionally, the ground water source may not bein theideal location to meet aparticular objective
(e.g., to track acontaminant plume). In that case, either atemporary or permanent monitoring well should
be installed. An experienced and knowledgeable person will need to locate the well and supervise its
installation so that samples will be representative of the ground water.

Additional guidanceis given in RCRA Ground-Water Monitoring: Technical Guidance (1) and
Chapter 11 of SW-846 (2). Theground water sampling proceduresdescribed in this SOPwill meet or exceed
the requirements of these documents.

Ground water sampling procedures can be sub-divided into two areas, purging and sampling, each
of which has different goals and objectives. Within the topic of purging, it is necessary, because of the
inherently different characteristics of the two types of wells, to address permanent and temporary wells
separately. The procedures and techniques which follow in this section reflect these differences.

7.2 Purging
7.2.1 Purging and Purge Adequacy

Purging is the process of removing stagnant water from a monitoring well, immediately prior to
sampling, causing its replacement by ground water from the adjacent formation, which is representative of
actual aguifer conditions. In order to determinewhen awell has been adequately purged, field investigators
should: 1) monitor the pH, specific conductance, temperature, and turbidity of the ground water removed
during purging; and 2) observe and record the volume of water removed.
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Prior to initiating the purge, the amount of water standingin thewater column (water inside the well
riser and screen) should be determined. To do this, the diameter of the well should be determined and the
water level and total depth of thewell are measured and recorded. Specific methodol ogy for obtaining these
measurementsisfound in Section 15.5 of this SOP. Once thisinformation is obtained, the volume of water
to be purged can be determined using one of several methods. Oneis the equation:

V =0.041 d*h

Where: h = depth of water in feet
d = diameter of well in inches
V = volume of water in gallons

Alternatively, the volume may be determined using a casing volume per foot factor for the
appropriate diameter well, smilar tothat in Table 7.2.1. Thewater level is subtracted from the total depth,
providing the length of the water column. Thislength is multiplied by the factor in the Table 7.2.1 which
corresponds to the appropriate well diameter, providing the amount of water, in gallons, contained in the
well. Other acceptable methods include the use of nomographs or other equations or formulae.

With respect to volume, an adequate purgeisnormally achieved when threeto five timesthe volume
of standing water in the well has been removed. The field notes should reflect the single well volume
calculations or determinations, according to one of the above methods, and a reference to the appropriate
multiplication of that volume, i.e., aminimum threewell volumes, clearly identified asapurge volume goal .

With respect to the ground water chemistry, an adequate purge is achieved when the pH, specific
conductance, and temperature of the ground water have stabilized and the turbidity has either stabilized or
isbelow 10 Nephelometric Turbidity Units(NTUSs) (twicethe Primary Drinking Water Standard of 5NTUS).
Although ten NTUs is hormally considered the minimum goal for most ground water sampling objectives,
1 NTU has been shown to be easily achievable and reasonable attempts should be made to reach thislevel.
Stabilization occurs when pH measurements remain constant within 0.1 Standard Unit (SU), specific
conductance varies no more that 10 percent, and the temperature is constant for at least three consecutive
readings. There are no criteria establishing how many sets of measurements are adequate for the
determination of stability. If the calculated purge volume is small, the measurements should be taken
frequently to provide asufficient number of measurementsto evaluate stability. If the purgevolumeislarge,
measurements taken every 15 minutes may be sufficient.

If, after three well volumes have been removed, the chemical parameters have not stabilized
according to the above criteria, additional well volumes (up to five well volumes), should be removed. If
the parameters have not stabilized within five volumes, it is at the discretion of the project leader whether
or not to collect asample or to continue purging. If after fivewell volumes, pH and conductivity have been
stabilized and theturbidity isstill decreasing and approaching an acceptablelevel, additional purging should
be considered to obtain the best sample possible. The conditions of sampling should be noted in the field

log.
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TABLE7.21
WELL CASING DIAMETER vs. VOLUME

WELL CASING DIAMETER 9 (INCHES) vs. VOLUME (GALS.)/FEET of WATER

CASING GALLONS/FT
0.041
0.163
0.367
0.653
1.02
1.469
1.999
2.611
3.305
4.08
4.934
12 5.875

Ol NjJoO|O]RlWIDN

=
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In some situations, even with slow purge rates, awell may be pumped or bailed dry (evacuated). In
thesesituations, thisgenerally constitutes an adequate purge and thewell can be sampl ed foll owing sufficient
recovery (enough volume to allow filling of all sample containers). It is not necessary that the well be
evacuated threetimesbeforeit issampled. The pH, specific conductance, temperature, and turbidity should
be measured, during collection of the sample from the recovered volume, as the measurements of record for
the sampling event.

Attempts should be madeto avoid purging wellsto dryness. Thiscan be accomplished, for example,
by slowing the purgerate. If awell ispumped dry, it may result in the sample being comprised partially of
water contained in the sand pack, which may bereflective, at least in part, of initial, stagnant conditions. In
addition, as water re-enters awell that isin an evacuated condition, it may cascade down the sand pack or
the well screen, stripping volatile organic constituents that may be present and/or introducing soil finesinto
the water column.

It is particularly important that wells be sampled as soon as possible after purging. If adequate
volume is available, the well must be sampled immediately. If not, sasmpling should occur as soon as
adequate volume has recovered.

Equipment Available

Monitoring well purging is accomplished by using in-place plumbing and dedicated pumps or, by
using portable pumps/equipment when dedicated systems are not present. The equipment may consist of a
variety of pumps, including peristaltic, large and small diameter turbine (electric submersible), bladder,
centrifugal, gear-driven positive displacement, or other appropriate pumps. The use of any of these pumps
isusually afunction of the depth of the well being sampled and the amount of water that is to be removed
during purging. Whenever the head difference between the sampling location and the water level islessthan
the limit of suction and the volumeto be removed is reasonably small, a peristaltic pump should be used for
purging. Appendix E of this SOP contains the operating instructions for al pumps commonly used during
Branch ground water investigations.
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Bailers may also be used for purging in appropriate situations, however, their use is discouraged.
Bailerstend to disturb any sediment that may be present in the well, creating or increasing sampleturbidity.
If abailer isused, it should be a closed-top Teflon® bailer.

7.2.2 Purging Techniques (Wells Without Plumbing or In-Place Pumps)

For permanently installed wells, the depth of water and depth of the well should be determined (if
possible) before purging. Electrical water level indicators/well sounders can be used for this purpose. Itis
standard practice to mark the top of casing, providing a point of reference from which these measurements
will be consistently made. Field investigators should look for these markings when taking these
measurements. Extreme caution should be exercised during this procedure to prevent cross-contamination
of thewells. Thisisacritica concern when samples for trace organic compounds or metals analyses are
collected. At aminimum, thewell sounding device should be cleaned by washing in alaboratory detergent
solution, followed by rinses with tap water and analyte-free water. After cleaning, it should be placedin a
clean plastic bag or wrapped in foil.

Purging with Pumps

When peristaltic pumps or centrifugal pumps are used, only theintake line is placed into the water
column. Thelineplacedinto thewater should be either standard-cleaned (see Appendix B) Teflon® tubing,
for peristaltic pumps, or standard-cleaned stainless steel pipe attached to a hose for centrifugal pumps.

When submersible pumps (bladder, turbine, displacement, etc.) are used, the pump itself islowered
into the water column. The pump must be cleaned as specified in Appendix B.

Purging with Bailers

Standard-cleaned (A ppendix B) closed-top Teflon® bailerswith Teflon® |eadersand new nylonrope
are lowered into top of the water column, allowed to fill, and removed. Itiscritical that bailers be slowly
and gently immersed into thetop of thewater column, particularly duringfinal stagesof purging, to minimize
turbidity and disturbance of volatile organic constituents. The use of bailers for purging and sampling is
discouraged because the correct technique is highly operator dependent.

Field Care of Purging Equipment

Regardlessof which methodisused for purging, new plastic sheeting shoul d be placed on theground
surface around the well casing to prevent contamination of the pumps, hoses, ropes, etc., in the event they
need to be placed on the ground during the purging or they accidentally come into contact with the ground
surface. It ispreferable that hoses used in purging that come into contact with the ground water be kept on
aspool or contained in aplastic-lined tub, both during transporting and during field use, to further minimize
contamination from the transporting vehicle or ground surface.

Purging Entire Water Column

The pump/hose assembly or bailer used in purging should be lowered into the top of the standing
water column and not deep into the column. This is done so that the purging will "pull” water from the
formation into the screened area of the well and up through the casing so that the entire static volume can
be removed. If the pump is placed deep into the water column, the water above the pump may not be
removed, and the subsequent samples, particularly if collected with abailer, may not be representative of the
ground water.

EISOPQAM 7-4 November 2001



It is recommended that no more than three to five feet of hose be lowered into the water column.
If the recovery rate of the well isfaster than the pump rate and no observable draw down occurs, the pump
should beraised until theintakeiswithin onefoot of thetop of the water column for the duration of purging.
If the pump rate exceeds the recovery rate of the well, the pump will have to be lowered, as needed, to
accommodate the draw down. After the pump isremoved from thewell, all wetted portions of the hose and
the pump should be cleaned as outlined in Appendix B of this SOP.

Careful consideration shall be given to using pumps to purge wells which are excessively
contaminated with oily compounds, because it may be difficult to adequately decontaminate severely
contaminated pumps under field conditions. When wells of this type are encountered, alternative purging
methods, such as bailers, should be considered.

General Low Flow/Low Stress Method Preference

The device with the lowest pump or water removal rate and the least tendency to stress the well
during purging should be selected for use. For example, if a bailer and a peristaltic pump both work in a
given situation, the pump should be selected because it will greatly minimize turbidity, providing a higher
quality sample (Section 7.2.4 contains a description of low flow purging and sampling with a peristaltic
pump used in atemporary well). If aFultz® pump or a Grundfos Redi-Flo2® could both be used, the Redi-
Flo2® may be given preference because the speed can be controlled to provide alower pump rate, thereby
minimizing turbidity.

Low Flow/Low Volume Purging Technigues/Procedures

Alternatives to the low flow purging procedures exist and may be acceptable. The low flow/low
volume purging isaprocedure used to minimize purgewater volumes. The pump intakeisplaced withinthe
screened interval at the zone of sampling, preferably, the zone with the highest flow rate. Low flow rate
purging is conducted after hydraulic conditions within the well have re-stabilized, usually within 24 to 48
hours. Flow rates should not exceed the recharge rate of the aquifer. Thisis monitored by measuring the
top of the water column with awater level recorder or similar device while pumping. These techniques,
however, are only acceptable under certain hydraulic conditionsand are not considered standard procedures.

7.2.3 Purging Techniques - Wells with In-Place Plumbing

Wells with in-place plumbing are commonly found at municipal water treatment plants, industrial
water supplies, private residences, etc. Many permanent monitoring wells at active facilities are also
equipped with dedicated, in-place pumps. The objective of purging wells with in-place pumpsis the same
as with monitoring wells without in-place pumps, i.e., to ultimately collect a sample representative of the
ground water. Among the types of wellsidentified in this section, two different approaches are necessary.
The permanent monitoring wells with in-place pumps should, in all respects, be treated like the monitoring
well without pumps. They generally are sampled only occasionally and require purging as described for
wells without in-place pumps, i.e., 3to 5 well volumes and stable parameters.

In the case of the other types of wells, however, not enough is generally known about the
construction aspects of the wells to apply the same criteria as used for monitoring wells, i.e., 3to 5 well
volumes. The volume to be purged in these situations, therefore, depends on several factors. whether the
pumps are running continuously or intermittently and whether or not any storage/pressure tanks are located
between the sampling point and the pump. Thefollowing considerationsand procedures should befollowed
when purging wells with in-place plumbing under the conditions described.
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Continuously Running Pumps

If the pump runs more or less continuously, no purge (other than opening avalve and allowing it to
flush for afew minutes) is necessary. If a storage tank is present, a spigot, valve or other sampling point
should be located between the pump and the storage tank. If not, locate the valve closest to the tank.
M easurements of pH, specific conductance, temperature, and turbidity are recorded at the time of sampling.

Intermittently Running Pumps

If the pump runsintermittently, it is necessary to determine, if possible, the volume to be purged,
including storage/pressure tanks that are located prior to the sampling location. The pump should then be
run continuously until the required volume has been purged. If construction characteristics are not known,
best judgement should be used in establishing how long to run the pump prior to collecting the sample.
Generally, under these conditions, 30 minuteswill be adequate. M easurementsof pH, specific conductance,
temperature and turbidity should be made and recorded at intervals during the purge and the final
measurements made at the time of sampling.

7.2.4 Purging Techniques - Temporary Monitoring Wells

Temporary ground water monitoring wellsdiffer from permanent wellsbecausetemporary wellsare
installed inthe ground water for immediate sampl e acquisition. Wellsof thistype may include standard well
screen and riser placedin boreholes created by hand augering, power augering, or by drilling. They may also
consist of arigid rod and screen that is pushed, driven, or hammered into place to the desired sampling
interval, such as the Direct Push Wellpoint®, the Geoprobe® and the Hydropunch®. As such, the efforts
to remove several volumes of water to replace stagnant water do not necessarily apply in these situations,
because generaly, stagnant water is non-existent. It is important to note, however, that the longer a
temporary well isin place and not sampled, the more appropriate it may beto apply, to the extent possible,
standard permanent monitoring well purging criteriato it.

In cases where the temporary well is to be sampled immediately after installation, purging is
conducted primarily to mitigate the impacts of instalation. In most cases, temporary well installation
procedures disturb the existing aguifer conditions, resulting primarily inincreased turbidity. Therefore, the
goal of purging isto reduce the turbidity and remove the volume of water in the area directly impacted by
theinstallation procedure. Low turbidity samplesinthesetypesof wellsaretypically and routinely achieved
by the use of low-flow purging and sampling techniques.

Thefollowinglow-flow purging technique using peristal tic pumps hasbeen used routinely to achieve
acceptably low NTU valuesin avariety of temporary monitoring well applications.

In purging situations where the elevation of the top of the water column is no greater than approx-
imately 25 feet below the pump head elevation, a peristaltic pump may be used to purge temporary wells.
Enough tubing is deployed to reach the bottom of the temporary well screen. At the onset of purging, the
tubing isslowly lowered to the bottom of the screen and isused to remove any formation material which may
have entered the well screen during installation. This is critical to ensuring rapid achievement of low
turbidity conditions. After the formation material is removed from the bottom of the screen, the tubing is
slowly raised through the water column to near the top of the column. The tubing can be held at this level
to determine if the pump is lowering the water level in the well. If not, secure the tubing at the surface to
maintain this pumping level.
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If the water column islowered, and the pump is not variable speed, continue to lower the tubing as
the water column islowered. If avariable speed peristaltic pump is being used and draw down is observed
oninitiation of pumping, reduce the pump speed and attempt to match the draw down of thewell. Sustained
pumping at these slow rateswill usualy result in arelatively clear, low turbidity sample. If the draw down
stabilizes, maintain that level, however, if it continuesto lower, "chase" the water column until the well is
evacuated. Inthiscase, therecovered water column may berelatively free of turbidity and can be sampled.
It may take several episodes of recovery to provide enough volume for a complete sample.

With many of the direct push sampling techniques, purging is not practical or possible, therefore,
no purging is conducted. The sampling device is simply pushed to the desired depth and opened and the
sampleis collected and retrieved.

7.2.5 Investigation Derived Waste

Purging generates quantities of purge water or investigation derived waste (IDW), the disposition
of which must be considered. What is appropriate for the disposition of the water is, in part, dependent on
the nature of theinvestigation. If theIDW isgenerated at aRCRA facility, it will generally be contained and
disposed on sitein an on-site treatment facility. IDW generated during Superfund or other investigations
may, at the discretion of the field project leader or the program manager (remedial project manager), be
discharged to the ground, away from the well, or be containerized for later disposal or other appropriate
action.

7.3 Sampling

Sampling isthe process of obtaining, containerizing, and preserving the ground water sample after
the purging processis complete. Non-dedicated pumps for sample collection generally should not be used.
Many pumps are made of materials, such as brass, plastic, rubber, or other elastomer products which may
cause chemical interferences with the sample. Their principle of operation may aso render them
unacceptable as a sample collection device. The pump may be turbine driven, which may release volatile
organic constituents. It isrecognized that there are situations, such asindustrial or municipal supply wells
or private residential wells, where a well may be equipped with a dedicated pump from which a sample
would not normally be collected. Discretion should always be used in obtaining a sample.

7.3.1 Equipment Available

Because of the problemswith most pumps described in the preceding paragraph, only three devices
should be used to collect ground water samplesfrom most wells. These arethe peristaltic pump/vacuumjug
assembly, a stainless steel and Teflon® bladder pump, and a closed-top, Teflon® bailer.

Other monitoring equipment used during sampling includes water level indicators, pH meters,
thermometers, conductivity bridges, and nephelometers (turbidity meters).

7.3.2 Sampling Techniques - Wells With In-Place Plumbing

Samples should be collected following purging from avalve or cold water tap as near to thewell as
possible, preferably prior to any storage/pressure tanks that might be present. Remove any hose that may
be present before sample collection and reduce the flow to a low level to minimize sample disturbance,
particularly with respect to volatile organic constituents. Samples should be collected directly into the
appropriate containers (see Standard Sample Containers, Appendix A). It may be necessary to use a
secondary container, such asaclean 8 0z. samplejar or astainless steel scoop, to obtain and transfer samples
from spigotswith low ground clearance. Also, refer to the Potable Water Supply discussion in Section 2.2.
All measurements for pH, specific conductance, temperature, and turbidity should be recorded at the time
of measurement.
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7.3.3 Sampling Techniques - Wells without Plumbing

Following purging, samples should be collected using a peristaltic pump/vacuum jug assembly, a
Teflon®/stainlesssteel bladder pump, or aclosed-top Teflon® bailer. Thesetechniquesaredescribed below.

Peristaltic pump/vacuum jug

The peristaltic pump/vacuum jug can be used for sample collection because it allows for sample
collection without the sample coming in contact with the pump tubing. Thisis accomplished by placing a
Teflon® transfer cap assembly onto the neck of a standard cleaned 4-liter (1-gallon) glass container.
Teflon® tubing (Yinch O.D.) connects the container to both the pump and the sample source. The pump
creates a vacuum in the container, thereby drawing the sample into the container without it coming into
contact with the pump tubing.

Samplesfor volatile organic compound analysis should be collected using a bailer or by filling the
Teflon® tube, by one of two methods, and allowing it to drain into the sample vials. The tubing can be
momentarily attached to the pump to fill the tube with water. After theinitial water is discharged through
the pump head, the tubing is quickly removed from the pump and agloved thumb placed on the tubing to stop
the water from draining out. The tubing is then removed from the well and the water allowed to either
gravity drain or bereversed, by the pump, into the samplevials. (Note: When reversing the pump, make sure
the discharge tubing is not submerged in purge water. This will prevent introducing potentially cross-
contaminated purgewater into the sample.) Alternatively, thetubing can belowered into thewell thedesired
depth and a gloved thumb placed over the end of the tubing. This method will capture the water contained
in the tubing. It can then be removed from the well and the water collected by draining the contents of the
tubing into the sample vials. Under no circumstances should the sample for volatile organic compound
analysis be collected from the content of any other previously filled container. All equipment should be
cleaned using the procedures described in Appendix B. Also, refer to the Potable Water Supply discussion,
Section 2.2, for additional information.

When sampling for metals only, it is also permissible to collect the sample directly from the pump
discharge tubing after an adequate purge has been demonstrated. When collecting samplesin this manner
there are several considerationsto be aware of. The pump head tubing (silastic, etc,) must be changed after
each well and arinsate blank must be collected of arepresentative piece of the pump head tubing (only one
blank per investigation). Also, precautions must be taken to ensure that the end of the discharge tubing is
not allowed to touch the ground or other surface to ensure the integrity of the sample collected in this
manner.

Bladder Pumps

After purging has been accomplished with abladder pump, the sampleis obtained directly from the
pump discharge. If the discharge rate of the pump, during purging, is too great, so as to make sample
collection difficult, care should betaken to reduce the dischargerate at the onset of actual sample collection.
Thisisnecessary to minimize sample disturbance, particularly with respect to samples collected for volatile
organic compounds analysis.

Bailers

When bailing, new plastic sheeting should be placed on the ground around each well to provide a
clean working area. New nylon rope should be attached to the bailer via a Teflon® coated stainless steel
wire. This coated wire is semi-permanently attached to the bailer and is decontaminated for reuse as the
bailer iscleaned. The bailer should be gently immersed in the top of the water column until just filled. At
this point, the bailer should be carefully removed and the contents emptied into the appropriate sample
containers.
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7.3.4 Sample Preservation

Immediately after collection, all samples requiring preservation must be preserved with the
appropriate preservative. Consult Appendix A for the correct preservative for the particular analytes of
interest. All samples preserved using a pH adjustment (except VOCs) must be checked, using pH strips, to
ensurethat they were adequately preserved. Thisisdoneby pouring asmall volume of sampleover thestrip.
Do not place the strip in the sample.

7.3.5 Specia Sample Collection Procedures

Trace Organic Compounds and Metals

Specia sample handling procedures should be instituted when trace contami nant samples are being
collected. All sampling equipment, including pumps, bailers, water level measurement equipment, etc.,
which comes into contact with the water in the well must be cleaned in accordance with the cleaning
proceduresdescribedin Appendix B. Pumps should not be used for sampling, unlesstheinterior and exterior
portions of the pump and the discharge hoses are thoroughly cleaned. Blank samples should be collected to
determine the adequacy of cleaning prior to collection of any sample using a pump.

Order of Sampling with Respect to Analytes

Inmany situationswhen sampling permanent or temporary monitoring wells, an adequate purge, with
respect to turbidity, is often difficult to achieve. Removal and insertion of equipment after the purge and
prior to actual sampling may negate the low turbidities achieved during purging and elevate turbidity back
to unacceptable levels. For this reason, it is important that special efforts be used to minimize any
disturbance of the water column after purging and to collect the aliquot for metalsfirst.

Filtering

Asastandard practice, ground water sampleswill not befiltered for routine analysis. Filtering will
usually only be performed to determinethefraction of major ionsand trace metal s passing thefilter and used
for flow system analysis and for the purpose of geochemical speciation modeling. Filtration isnot allowed
to correct for improperly designed or constructed monitoring wells, inappropriate sampling methods, or poor
sampling technique.

When samples are collected for routine analyses and are filtered, such as under conditions of
excessive turbidity, both filtered and non-filtered samples will be submitted for analyses. Samples for
organic compounds analysis should not be filtered. Prior to filtration of the ground water sample for any
reason other than geochemical speciation modeling, the following criteria must be demonstrated to justify
the use of filtered samples for inorganic analysis:

1 The monitoring wells, whether temporary or permanent, have been constructed and
developed in accordance with Section 6.

2. Theground water sampleswere coll ected using sampling techniquesin accordancewiththis
section, and the ground water sampleswere analyzed in accordance with US-EPA approved
methods.

3. Efforts have been undertaken to minimize any persistent sample turbidity problems. These

efforts may consist of the following:
. Redevelopment or re-installation of permanent ground water monitoring wells.

. Implementation of low flow/low stress purging and sampling techniques.
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4, Turbidity measurements should be taken during purging and sampling to demonstrate
stabilization or lack thereof. These measurements should be documented in thefield notes.

If the ground water sample appears to have either a chemically-induced elevated turbidity, such as
would occur with precipitate formation, or anaturally elevated colloid or fine, particul ate-related turbidity,
filtration will not be allowed.

If filtration is necessary for purposes of geochemical modeling or other pre-approved cases, the
following procedures are suggested:

1 Accomplish in-line filtration through the use of disposable, high capacity filter cartridges
(barrel-type) or membranefiltersinanin-linefilter apparatus. Thehigh capacity, barrel-type
filter is preferred due to the higher surface area associated with this configuration. If a
membrane filter is utilized, a minimum diameter of 142 mm is suggested.

2. Use a 5 pum pore-size filter for the purpose of determining the colloidal constituent
concentrations. A 0.1 um pore-size filter should be used to remove most non-dissolved
particles.

3. Rinsethe cartridge or barrel-typefilter with 500 milliliters of the solute (ground water to be

sampled) prior to collection of sample. If a membrane filter is used, rinse with 100
milliliters of solute prior to sample collection.

Potential differences could result from variations in filtration procedures used to process water
samplesfor the determination of trace element concentrations. A number of factorsassociated withfiltration
can substantially alter "dissolved" trace element concentrations; these include filter pore size, filter type,
filter diameter, filtration method, volume of sampleprocessed, suspended sediment concentration, suspended
sediment grain-size distribution, concentration of colloids and colloidally-associated trace elements, and
concentration of organic matter. Therefore, consistency iscritical inthe comparison of short-termand long-
termresults. Further guidance on filtration may be obtained fromthefollowing: 1) Metalsin Ground Water:
Sampling Artifacts and Reproducibility (3); 2) Filtration of Ground Water Samplesfor Metals Analysis(4);
and 3) Ground Water Sampling - A Workshop Summary (5).

Bacterial Sampling

Whenever wells (normally potable wells) are sampled for bacteriological parameters, care must be
taken to ensure the sterility of all sampling equipment and all other equipment entering the well. Further
information regarding bacteriological sampling is available in the following: 1) Sampling for Organic
Chemicals and Microorganisms in the Subsurface (6); 2) Handbook for Evaluating Water Bacteriological
L aboratories (7); and 3) Microbiological Methods for Monitoring the Environment, Water and Wastes (8).

7.3.6 Specific Sampling Equipment Quality Assurance Techniques

All equipment used to collect ground water samples shall be cleaned as outlined in Appendix B and
repaired, if necessary, before being stored at the conclusion of field studies. Cleaning procedures utilized
inthefield (Appendix B), or field repairs shall be thoroughly documented in field records.

7.3.7 Auxiliary Data Collection

During ground water sample collection, it isimportant to record a variety of ground water related
data. Included in the category of auxiliary dataare water level measurements, well volume determinations,
pumping rates during purging, and occasionally, drillers or boring logs. This information should be
documented in the field records. Well volume determinations are described in Section 7.2.1.
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Water Level Measurements

Water table measurementsfromthetop of thewell casings(referenced to National Geodetic Vertical
Datum) in permanent wells, and ground surface elevations in temporary wells should be made to assist in
determining the general direction of ground water flow and gradient. The methodology to be used to
determine well water levels are given in Section 15.5. Tracer dyes and radioactive and thermal detection
methods can be used to determine direction and velocities of flow (9). Also, a study of the generd
topography and drainage patterns will generally indicate direction of ground water flow.

Theground surface elevation and top of casing elevation at thewells should be determined by stand-
ard engineering survey practices as outlined in Section 15.

Well Pumping Rate - Bucket/Stop Watch Method

The pumping rate for a pump can be determined by collecting the discharge from the pump in a
bucket of known volume and timing how long it takes to fill the bucket. The pumping rate should be in
galons per minute. This method shall be used primarily with pumps with a constant pump rate, such as
gasoline-powered or electric submersible pumps. Care should be taken when using this method with some
battery-powered pumps. Asthe batteries' charge decreases, the pump rate also decreases so that pumping
rate calculationsusing initial, high pump rates may be erroneously high. If thismethod isused with battery-
powered pumps, the rate should be re-checked frequently to ensure accuracy of the pumping rate
calculations.

EISOPQAM 7-11 November 2001



7.4

References

USEPA., RCRA Ground-Water Monitoring: Draft Technical Guidance, November 1992, Office of
Solid Waste, EPA/530-R-93-001.

USEPA., Test Methods for Evaluating Solid Waste, Volume Il: Field Manual, Physical/Chemical
Methods, November 1986, Office of Solid Waste and Emergency Response, SW-846.

Puls, Robert W., Don A. Clark, and Bert Bledsoe. Metalsin Ground Water: Sampling Artifactsand
Reproducibility. Hazardous Waste and Hazardous Materials 9(2): 149-162 (1992).

Puls, Robert W., and Michael J. Barcelona. Filtration of Ground Water Samples for Metals
Analysis. Hazardous Waste and Hazardous Materials 6(4): 385-393 (1989).

Ground Water Sampling - A Workshop Summary. Proceedings from the Dallas, Texas November
30 - December 2, 1993 Workshop. US EPA Office of Research and Development Robert S. Kerr
Environmental Research Laboratory. EPA/600/R-94/205, January 1995.

Sampling for Organic Chemicals and Microorganisms in the Subsurface, US EPA, EPA-600/2-
77/176 (1977).

Handbook for Evaluating Water Bacteriological Laboratories, US EPA, ORD, Municipal
Environmental Research Laboratory, Cincinnati, Ohio, 1975.

Microbiological Methods for Monitoring the Environment, Water and Wastes, US EPA, ORD,
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio, 1978.

"Groundwater", Section 18, USDA-SCSNational Engineering Handbook, United States Department
of Agriculture, Soil Conservation Service, 1978.

EISOPQAM 7-12 November 2001



SECTION 8
SAMPLING OF POTABLE WATER SUPPLIES

PERFORMANCE OBJECTIVES:

To collect a sample representative of the drinking water supply.

To reduce the bias of system related variables (pumps, piping, holding tanks, etc.).

8.1 Introduction

The same sampling techniques used for wastewater, ground water, surface water, etc., (including
thorough documentation of location, date, time, etc.) are to be used during potable water supply
sampling. There are certain additional procedures which apply.

8.2 Sampling Site Selection

The following should be considered when choosing the location to collect a potable water sample:

Taps sel ected for sampl e collection should be supplied with water from aservice pipe connected
directly to awater main in the segment of interest.

Whenever possible, choose the tap closest to the water source, and prior to the water lines
entering the residence, office, building, etc., and also prior to any holding or pressurization
tanks.

Thesampling tap must be protected from exterior contamination associ ated with being too close
toasink bottom or to the ground. Contaminated water or soil from the faucet exterior may enter
the bottle during the collection procedure since it is difficult to place a bottle under alow tap
without grazing the neck interior against the outside faucet surface. If thetap istoo closetothe
ground for direct collection into the appropriate container, it is acceptable to use a smaller
(clean) container to transfer sampleto alarger container. The smaller container should be made
of glass or stainless stedl.

Leaking taps that allow water to discharge from around the valve stem handle and down the
outside of the faucet, or tapsin which water tends to run up on the outside of thelip, areto be
avoided as sampling locations.

Disconnect any hoses, filters, or aeratorsattached to the tap before sampling. Thesedevicescan
harbor abacterial populationif they arenot routinely cleaned or replaced whenworn or cracked.

Taps where the water flow is not constant should be avoided because temporary fluctuation in
line pressure may cause clumps of microbial growth that are lodged in a pipe section or faucet
connection to break loose. A smooth flowing water stream at moderate pressure without
splashing should be used. The sample should be collected without changing the water flow. It
may be appropriate to reduce the flow for the volatile organic compounds aliquot to minimize
sample agitation.
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Occasionally, samplesare coll ected to determinethe contribution of systemrelated variables
(e.g., transmission pipes, water coolers, water heaters, hol ding tanks, pressurization tanks, etc.) tothequality
of potable water supplies. In these cases, it may be necessary to insure that the water source has not been
used for a specific time interval (e.g., over a weekend or a three- or four-day holiday period). Sample
collection may consist of collecting a sample of theinitial flush, collecting a sample after several minutes,
and collecting another sample after the system being investigated has been completely purged.

When sampling for bacterial content, the sample container should not be rinsed before use due to
possi ble contamination of the sample container or removal of the thiosulfate dechlorinating agent (if used).
When filling any sample container, care should be taken that no splashing drops of water from the ground
or sink do not enter into either the bottle or cap.

When sampling at a water treatment plant, samples are often collected from the raw water supply
and the treated water after chlorination.

Obtain the name(s) of the resident or water supply owner/operator, the resident's exact mailing
address, and the resident's home and work telephone numbers. The information is required so that the
residents or water supply owner/operators can be informed of the results of the sampling program (See
Section 2.2).

Sampling Technique (1)

Thefollowing procedures should befollowed when collecting sampl esfrom potable water supplies:

1. Idealy, the sample should be collected from atap or spigot located at or near the well head or
pump house and beforethe water supply isintroduced into any storagetanksor treatment units.
If the sample must be collected at a point in the water line beyond a pressurization or holding
tank, a sufficient volume of water should be purged to provide a complete exchange of fresh
water into the tank and at the location where the sampleiscollected. If the sampleiscollected
from atap or spigot located just before a storage tank, spigots located inside the building or
structure should be turned on to prevent any backflow from the storage tank to the sample tap
or spigot. It isgenerally advisable to open several taps during the purge to ensure arapid and
complete exchange of water in the tanks.

2. Purge the system for at least 15 minutes when possible. After purging for several minutes,
measure the turbidity, pH, specific conductivity, and temperature of the water. Continue to
monitor these parameters until three consistent readings are obtained. If possible, obtain three
consistent readings after the 15 minute purge.

3. After three consistent readings have been obtained, samples may be collected.
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SECTION 9
WASTEWATER SAMPLING

SECTION OBJECTIVE:

» To provide guidance for the proper collection of wastewater samples.

9.1 Introduction

The variety of conditions at different sampling locations require that considerable judgment be
exercised regarding the methodologies and procedures for the collection of representative samples of
wastewater. Each sampling location warrants attention commensurate with its complexity. There are,
however, basic rules and precautions generally applicable to sample collection. Acceptable procedures are
generally those outlined in the NPDES Compliance Inspection Manual (1). Someimportant considerations
for obtaining a representative wastewater sample include:

» The sample should be collected where the wastewater is well mixed. Therefore, the sample
should be collected near the center of the flow channel, at approximately 40 to 60 percent of the
water depth, where the turbulence is at a maximum and the possibility of solids settling is
minimized. Skimming the water surface or dragging the channel bottom should be avoided.
However, alowances should be made for fluctuationsin water depth due to flow variations.

» In sampling from wide conduits, cross-sectional sampling should be considered. Rhodamine
WT dye (See Section 15.7 for references) may be used as an aid in determining the most repre-
sentative sampling locations.

» If manual compositing is employed, the individual sample portions must be thoroughly mixed
before pouring the individual aliquots into the composite container. For manual composite
sampling, the individual sample aliquots should be preserved at the time of sample collection

(2).

* When collecting samples or installing sampling equipment, field investigators should aways
wear a new pair of the appropriate protective gloves (disposable latex gloves, rubber gloves,
etc.) to prevent contamination of the sample and reduce exposure to hazardous substances.

9.2 Site Selection

Where applicable, wastewater samples should be collected at the location specified in the NPDES
permit (if the source has a permit). In some instances the sampling location specified in the permit, or the
location chosen by the permittee, may not be acceptable for the collection of a representative wastewater
sample. In such instances, the investigator isnot limited by permit specifications and may collect asample
at amore representative location. When a conflict exists between the permittee and the regulatory agency
regarding the most representative sampling location, both sites should be sampled, and the reason for the
conflict should be noted in thefield notes and theinspection or study report. Recommendationsand reasons
for a change in sampling locations should be given to the appropriate permitting authority.
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9.21 Influent

Influent wastewaters are preferably sampled at locations of highly turbulent flow in order to ensure
good mixing; however, in many instances the most desirable location is not accessible. Preferable influent
wastewater sampling locationsinclude: 1) the upflow siphon following a comminutor (in absence of grit
chamber); 2) the upflow distribution box following pumping from main plant wet well; 3) aerated grit
chamber; 4) flume throat; 5) pump wet well when the pump is operating; or 6) downstream of preliminary
screening. When possible, influent samples should be collected upstream from sidestream returns.

9.2.2 Effluent

Effluent samples should be collected at the site specified in the permit, or if no site is specified in
the permit, at the most representative sitedownstreamfromall entering wastewater streamsprior to discharge
into the receiving waters. If aconflict exists between the permittee and inspector regarding the source being
sampled or the location of the most representative site, follow the procedures previously described under
“Site Selection”.

9.2.3 Pond and Lagoon Sampling

Generaly, composite effluent wastewater samples should be collected from ponds and lagoons.
Even if the ponds or lagoons have long retention times, composite sampling is hecessary because of the
tendency of pondsand lagoonsto haveflow pathsthat short circuit which changesthe design detention time.

9.3 Sample Types

For NPDES sampling, two types of sampling techniques are used: grab and composite. For these
procedures, the NPDES permit specifiesthe appropriate sampletype. A completedescription of al NPDES
sampling procedures and techniques is presented in the NPDES Compliance Inspection Manual (1).

9.3.1 Grab Samples

Grab samples consist of either asinglediscreet sampleor individual samples collected over aperiod
of time not to exceed 15 minutes. The grab sample should be representative of the wastewater conditions
at the time of sample collection. The sample volume depends on the type and number of analyses to be
performed.

9.3.2 Composite Samples

Composite samples are collected over time, either by continuous sampling or by mixing discrete
samples. A composite sample represents the average wastewater characteristics during the compositing
period. Various methods for compositing are available and are based on either time or flow proportioning.
The choice of aflow proportional or time composite sampling scheme depends on the permit requirements,
variability of the wastewater flow or concentration of pollutants, equipment availability, and sampling
location. The investigator must know each of these criteria before a sampling program can be initiated.
Generadly, atime compositeis acceptable. However in enforcement cases where strict adherence to permit
reguirements are necessary or if an investigator knows or suspects that thereis significant variability in the
wastewater flow, aflow proportional sampleis preferable .

A time composite sampleconsistsof equal volumediscrete sampl ealiquotscollected at constant time
intervalsinto onecontainer. A time composite sample can be collected either manually or with an automatic
sampler.
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A flow proportional composite sample can be collected using one of two methods. One method
consistsof collectingaconstant samplevolumeat varyingtimeinterval sproportional to thewastewater flow.
For the other method, the sampleis collected by varying the volume of each individual aliquot proportional
to the flow, while maintaining a constant time interval between the aliquots. Prior to collecting flow
proportional samples, the facility’ s flow measuring system should be examined for proper installation and
accuracy (see Section 18). If thefacility’ sprimary flow measuring device does not meet standard conditions
(see Section 18), or is in an unsafe or inaccessible location, then the investigator should collect time
composite samples. If the flow measurement system is acceptable, samples should be collected using the
appropriate flow proportioning methods.

Flow proportional samples can be collected with an automatic sampler and a compatible flow
measuring device, with a flow chart and an automatic sampler capable of collecting discrete samples, or
manually by compositing individual grab samples by volume versus flow chart readings.

94 Use of Automatic Samplers
9.4.1 Introduction

Automatic samplers may be used to collect composite or grab samples when several aliquotsareto
be collected at frequent intervals or when a continuous sample is required. For composite sampling
applications, the automatic samplers may be used to collect time composite or flow proportional samples.
In the flow proportional mode, the samplers are activated and paced by a compatible flow meter. Flow
proportional samples can aso be collected using an automatic sampler equipped with multiple containers
and manually compositing the individual sample portions proportiona to the flow (1).

Automatic samplers must meet the following requirements:

«  Sampling equipment must be properly cleaned to avoid cross-contamination which could result
from prior use (see Appendix B for cleaning procedures).

* No plastic or metal parts of the sampler shall come in contact with the water or wastewater
stream when parameters to be analyzed could be impacted by these materials.

» Theautomatic sampler must be capable of providing adequate refrigeration during the sampling
period. Thiscan be accomplished in the field by using ice.

» Theautomatic sampler must be ableto collect alarge enough samplefor all parameter analyses.
e Theindividua sample aliquot must be at least 100 mis.

» Theautomatic sampler should be capable of providing alift of at least 20 feet and the sample
volume should be adjustable since the volume is a function of the pumping head.

»  The pumping velocity must be at least 2 ft/sec to transport solids and not allow solids to settle.
» Theintake line leading to the pump must be purged before each sample is collected.
»  Theminimum inside diameter of the intake line should be 1/4 inch.

» Anadequate power source should be available to operate the sampler for the time required to
complete the project. Facility electrical outlets may be used if available.

EISOPQAM 9-3 November 2001



» Facility automatic samplers should only be used if 1) field conditions do not allow for the
installation of EPA sampling equipment, and 2) the facility sampling equipment meetsall of the
requirements of this SOP.

Specificoperatinginstructions, capabilities, capacities, and other pertinent informati on for automatic
samplers are included in the respective operating manuals.

9.4.2 Conventional Sampling (Inorganic Parameters)

Conventional sampling includes all inorganic parameters (e.g., BOD; , TSS, COD, nutrients) that
can be collected using an automatic sampler.

New tubing (Silastic®, or equal, inthe pump and either Teflon® or Tygon®, or equal, inthe sample
train) will be used for each sampler installation.

Installation procedures include cutting the proper length of tubing, positioning it in the wastewater
stream, and sampler programming. Protective gloves should bewornto reduce exposure and to maintain the
integrity of the sample.

For atime composite sample, the sampler should be programmed to collect at least 100-milliliter
aliquots at a frequency that provides a representative sample and enough sample volume to conduct all
required analyses.

For aflow proportional sample, the sampler should be programmed to collect a minimum of 100
millilitersfor each samplealiquot with theinterval predetermined based on theflow of the monitored stream.

At theend of the compositing period, the sample collected should be properly mixed and transferred
into the respective containers, followed by immediate preservation, if required. For routineinspections, the
permittee should be offered a split sample.

943 Metds

When an automatic sampler is used for collecting samples for metals analyses, the entire sampler
collection system should be rinsed with organic/analyte free water, and an equipment blank should be
collected. Approximately one-half gallon of rinse water should be pumped through the sample tubing into
the composite container and discarded. Nitric acid must be added to the metals blank container for proper
preservation. The sampler may then be positioned in the appropriate location and the sampler program
initiated.

If the sampler tubing is attached to a metal conduit pipe, the sampler intake tubing should be
carefully installed upstream and away from the conduit to prevent metals contamination. This can be
accomplished by clamping the tubing upstream of the conduit using laboratory clamps and wrapping the
submerged portion of conduit pipe with a protective barrier (e.g., duct tape).

9.4.4 Extractable Organic Compounds, Pesticides, and PCBs

When an automatic sampler is used for collecting samples for the analyses of extractable organic
compounds, pesticides, and/or PCBs, the installation procedures include cutting the proper length of new
Teflon® tubing, rinsing of the entire sampler collection system with organic/analyte free water, and
collection of appropriate blanks for organic compounds analysis. For the organic/analyte free water rinse,
approximately one-half gallonsisinitially pumped into the composite sample container and discarded. An
additional one and one-half gallons (approximate) are then pumped into the composite sample container for
distribution into the appropriate blank container. Finally the collection tubing should be positioned in the
wastewater stream and the sampler programmed and initiated.
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9.4.5 Automatic Sampler Security

Field investigators should take whatever steps are necessary to prevent tampering with EPA
equipment. A lock or custody seal may be placed on the sampler to detect tampering. However, this does
not prevent tampering with the sample collection tubing. If necessary, seals may be placed on the sampling
pole and tubing line to further reduce tampering possibilities.

9.4.6 Automatic Sampler Maintenance, Calibration, and Quality Control

Toensure proper operation of automatic sampl ers, and thusthe collection of representative samples,
the following maintenance and calibration procedures should be used and any deviations should be
documented in the field log book.

Prior to being used, the sampler operation should be checked to ensure proper operation by Field
Equipment Center personnel. Thisincludes operation (forward, reverse, automatic) of at least one purge-
pump-purge cycle; checking desiccant and replacing if necessary; checking the 12-volt batteries to be used
with the sampler; and repairing any item if necessary.

During each field trip, prior to initiating the automatic sampler, the rinse and purge-pump-purge
cycleshall be checked at least once. The pumping volume should be checked at | east twice using agraduated
cylinder or other calibrated container prior to initiating the sampler. For flow proportional sampling, the
flow meter that activates the sampler should be checked to insure that it operates properly.

Upon returning from a field trip, the structural integrity of the sampler should be examined and
repaired, if necessary. The desiccant will be checked and replaced if appropriate. The operation (forward,
reverse, automatic, etc.) will be checked and required repairs will be made and documented. The sampler
will then be cleaned as outlined in Appendix B.

Theautomatic sampler should be checked agai nst the manufacturer's specificationsand documented
whenever one or more of the sampler functions appears to be operating improperly.

9.5 Manual Sampling

Manual sampling is normally used for collecting grab samples and/or for immediate in-situ field
analyses. However, it can also be used in lieu of automatic equipment over extended periods of time for
composite sampling, especially when it is necessary to evaluate unusual waste stream conditions.

The best method to manually collect a sampleisto use the actual sample container which will be
used to transport the sample to the laboratory. This eliminates the possibility of contaminating the sample
with intermediate collection containers. If the water or wastewater stream cannot be physically reached by
the sampling personnel or it is not safe to reach for the sample, an intermediate collection container may be
used, from which the sampl e can be redistributed to other containers. If thisisdone, however, the contai ner
used to collect the sample must be properly cleaned (Appendix B) and must be made of amaterial that meets
the requirements of the parameter(s) being investigated. Samples for oil and grease, bacteria, phenols,
volatile organic compounds, and sulfides analyses must always be collected directly into the sample
container.

In some cases it may be best to use a pump, either power or hand operated, to withdraw a sample
fromthewater or wastewater stream. If apumpisused, it isimperativethat all components of the pump that
come in contact with the sample are properly cleaned (Appendix B) to ensure the integrity of the sample.

Ingeneral, samplesare manually collected by first selecting alocationinthe wastestreamthat iswell
mixed (Section 9.1) then dipping the container in the water or wastewater stream so the mouth of the
container facesupstream. The container should not be overfilled if preservativesare present inthe container.
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9.6 Special Sample Collection Procedures
9.6.1 Organic Compounds and Metals

Trace organic compounds and metal s detection limits are usually in the parts per billion or parts per
trillion range, so extreme care must be exercised to ensure sample integrity.

All containers, compositebottles, tubing, etc, used for samplecollectionfor trace organic compounds
and metals analyses should be prepared as described in Appendix B.

When possible, the sample should be collected directly into the appropriate sample container. If the
material to be sampled cannot be physically reached, an intermediate collection device may be used. This
should beaTeflon®, glass, or stainless steel vessel on apole or rope or Teflon® tubing viaaperistatic type
pump and a Teflon® vacuum container attachment which converts a sample container into a vacuum
container. The device which is used should be cleaned as described in Appendix B.

9.6.2 Bacteriological

Samples for bacteriological analyses must always be collected directly into the prepared glass or
plastic sample container. The sample container should be kept unopened until it isto befilled. When the
cap isremoved, care should be taken not to contaminate the cap or theinside of the bottle. The bottle should
be held near the base and filled to within about oneinch of thetop without rinsing and recapped immediately.
During sample collection, the sampl e container should be plunged with the neck partially below the surface
and dightly upward. The mouth should be directed against the current. Appendix A lists preservation
procedures and holding times.

When the sample container must be lowered into the waste stream, either because of safety or
impracticality (manhole, slippery effluent area, etc.), care must be taken to avoid contamination.

9.6.3 Immiscible Liquids/Oil and Grease

Oil and grease may be present in wastewater as a surface film, an emulsion, a solution, or as a
combination of these forms. Sinceit is very difficult to collect arepresentative sample for oil and grease
analysis, the inspector must carefully evaluate the location of the sampling location. The most desirable
sampling location isthe area of greatest mixing. Quiescent areas should be avoided. The sample container
should be plunged into the wastewater using a swooping motion with the mouth facing upstream. Care
should be taken to ensure that the bottle does not over fill during sample collection.

Becauselossesof oil and greasewill occur on sampling equipment, an automatic sampler should not
be used to collect samples for oil and grease analysis. Individual portions collected at prescribed time
intervals must be analyzed separately to obtain the average concentrations over an extended period.

9.6.4 Volatile Organic Compounds

Samplesto beanalyzed for volatile organic compounds (V OCs) should be collected in 40-ml septum
vialswith screw caps with a Teflon® lined silicone disk in the cap to prevent contamination of the sample
by the cap. The disks should be placed in the caps (Teflon® side to be in contact with the sample) in the
laboratory prior to the beginning of the sampling program.

When sampling for VOC:s, triplicate samples should always be collected from each location. The
investigator should determineif the water to be sampled containschlorine. If thewater containsno chlorine,
three pre-preserved 40-ml vials should befilled with the sample. The samples may be held for up to 14 days
before analysis. When preservation is not feasible, samples can be held up to 7 days before analysis.
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If thewater contains chlorine, fill an 8-ounce sampling container with 2 drops of a25% ascorbic acid
solution and thewater sample. Cap and mix thoroughly but gently by swirling to eliminateresidual chlorine.
Transfer the sampletothree pre-preserved 40-ml vials(see Appendix A). Theascorbic acid and preservative
must be added in this order and in two separate steps.

The40-ml vialsshould be completely filled to prevent vol atilization, and extreme caution should be
exercised when filling each via to prevent any turbulence which could aso produce volatilization. The
sample should be carefully poured down the side of the vial to minimizeturbulence. Asarule, itisbest to
gently pour the last few drops into the vial so that surface tension holds the water in a"convex meniscus.”
The cap is then applied and some overflow islost, but air space in the bottleis eliminated. After capping,
turn the bottle over and tap it to check for bubbles; if any are present, repeat the procedure using anew 40-ml
vial.

9.7 Special Process Control Samplesand Tests

During diagnostic eval uations, process control tests may be conducted to eval uate and troubl eshoot
the performance of the biological treatment processes of a municipal or industrial wastewater treatment
facility. TheEPA Activated Sludge Process Control Testing handbook isthe standard referencefor activated
sludge process control testing (3). The manual includes a complete description of the step-by-step
procedures for each test and the interpretation of theresults. The six basic activated sludge process control
tests are:

Sludge settleability (settlometer).
Centrifuge spins.

Aeration basin DO profiles.

Oxygen uptake rate (OUR) measurements.
Mixed liquor microscopic examinations.
Sludge blanket depth (SBD) measurements.

Additional references are available that provide a more comprehensive evaluation of the methods
used to conduct a diagnostic evaluation (4, 5, 7, and 8,). Completion of the Sacramento Operation of
Wastewater Treatment Plants courseis highly recommended for all personnel prior to serving asthe project
leader on a Diagnostic Evaluation (6).

9.8 Supplementary Data Collection

While conducting wastewater sampling, the following information will also be obtained (if
applicable):

Field measurements-- pH, dissolved oxygen, conductivity, and temperature (see Section 16
for standard field analytical techniques).

*  Howsassociated with the samplescoll ected -- conti nuousflowswith composite samplesand
instantaneous flows with grab samples (Section 18).

» Diagrams and/or written descriptions of the wastewater treatment systems (if available).

» Photographsof pertinent wastewater associ ated equipment, such asflow measuring devices,
treatment units, etc. (keep photolog as specified in section 3.2).

»  Process control information on the wastewater treatment process (if applicable).

» Completion of applicable forms required during specific investigations.
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All observations, measurements, diagrams, etc., will be entered in bound field logbooks or attached
thereto (where applicable as specified in Section 3.5).

9.9 Sample Preservation

All sample collection and preservation procedures should comply with therequirementsoutlinedin
40 CFR, Part 136.3 (€), Table 11 (9).
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SECTION 10
SURFACE WATER SAMPLING

PERFORMANCE OBJECTIVE:

» Tocollect arepresentative sample of the surface water of interest.

10.1 Introduction

Surface water sampling techniques and equipment are designed to minimize effects on the chemical
and physical integrity of the sample. If the guidance provided in this section is followed, arepresentative
sample of the surface water should be obtained.

The physical location of the investigator when collecting a sample may dictate the equipment to be
used. If surface water samples are required, direct dipping of the sample container into the stream is
desirable. This is possible, however, only from a small boat, a pier, etc., or by wading in the stream.
Wading, however, may cause the re-suspension of bottom deposits and bias the sample. Wading is
acceptable if the stream has a noticeable current (is not impounded), and the samples are collected while
facing upstream. If the stream is too deep to wade, or if the sample must be collected from more than one
water depth, or the sample must be collected from abridge, etc., supplemental sampling equipment must be
used.

10.2  Surface Water Sampling Equipment
10.2.1 Dipping Using Sample Container

A sample may be collected directly into the sample container when the surface water source is
accessible by wading or other means. The sampler should face upstream and collect the sample without
disturbing the sediment. The surface water sample should always be collected prior to the collection of a
sediment sample at the same location. The sampler should be careful not to displace the preservative from
apre-preserved sample container such as the 40-ml VOC vial.

10.2.2 Scoops

Stainless steel scoops are useful for reaching out into a body of water to collect a surface water
sample. The scoop may be used directly to collect and transfer a surface water sample to the sample
container, or it may be attached to an extension in order to access the selected sampling location. The scoop
isone of the most versatile sampling tools available to the field investigator.

10.2.3 Peristaltic Pumps

Another devicethat can be effectively used to sample awater column, such asashallow pond, isthe
peristaltic pump/vacuum jug system. The use of ametal conduit to which the tubing is attached, allows for
the collection of a vertical sample (to about a 25 foot depth) which is representative of the water column.
Commercially available pumps vary in size and capability, with some being designed specifically for the
simultaneous collection of multiple water samples.
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10.2.4 Discrete Depth Samplers

When discrete samples are desired from a specific depth, and the parameters to be measured do not
require aTeflon® coated sampler, astandard Kemmerer or Van Dorn sampler may be used. The Kemmerer
sampler isabrass cylinder with rubber stoppersthat |eave the ends of the sampler open while being lowered
in avertical position, thus allowing free passage of water through the cylinder. The Van Dorn sampler is
plastic and is lowered in a horizontal position. In each case, a messenger is sent down a rope when the
sampler is at the designated depth, to cause the stoppers to close the cylinder, which isthen raised. Water
is removed through a valve to fill respective sample containers. With arubber tube attached to the valve,
dissolved oxygen sampl e bottles can be properly filled by allowing an overflow of the water being collected.
With multiple depth samples, care should be taken not to stir up the bottom sediment and thus bias the
sample.

When metal sand organi c compounds parametersare of concern, then adouble check valve, stainless
steel bailer or Kemmerer sampler should be used to collect the sample.

10.2.5 Bailers

Teflon® bailers may also be used for surface water sampling, if the study objectives do not
necessitate a sample from adiscrete interval of thewater column. A closed top bailer with a bottom check-
valveissufficient for many studies. Asthe bailer islowered through the water column, water is continually
displaced through the bailer until the desired depth is reached, at which point the bailer isretrieved. This
technique may not be successful where strong currents are found.

10.2.6 Buckets

A plastic bucket can be used to collect samples for in-situ analyses, e.g., pH, temperature and
conductivity. However, the bucket should be rinsed twice with the sample water prior to collection of the
sample.
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SECTION 11
SEDIMENT SAMPLING

PERFORMANCE OBJECTIVE:

. To collect arepresentative sample of sediment from a surface water body.

11.1  Introduction

Sampling techniques and equipment are designed to minimize effects on the chemical and physical
integrity of the sample. If the guidance in this section isfollowed, arepresentative sample of the sediment
should be obtained.

The physical location of theinvestigator when collecting a sample may dictate the equipment to be
used. Wading is the preferred method for reaching the sampling location, particularly if the stream has a
noticeable current (is not impounded). However, wading may disrupt bottom sediments causing biased
results. If the streamistoo deep to wade, the sediment sample may be collected fromaboat or from abridge.

To collect a sediment sample from awater body, a variety of methods can be used:

Dredges (Peterson, Eckman, Ponar),

Coring (tubes, augers)

Scoops (BMH-60, standard scoop) and spoons
Vibracore® (Electronic Vibratory Core Tube Driver)

Regardless of the method used, precautions should be taken to insure that the sample collected is
representative of the water body. These methods are discussed in the following paragraphs.

11.2  Sediment Sampling Equipment
11.2.1 Scoops and Spoons

If the surface water body is wadeable, the easiest way to collect a sediment sample is by using a
stainless steel scoop or spoon. The sampling method isaccomplished by wading into the surface water body
and whilefacing upstream (into the current), scoopi ng the sample al ong the bottom of the surface water body
inthe upstream direction. Excesswater may be removed from the scoop or spoon. However, thismay result
in the loss of some fine particle size material associated with the bottom of the surface water body. Care
should be taken to minimize the loss of the fine particle sizes. Aliquots of the sample are then placed in a
glass pan and homogenized according to the quartering method described in Section 5.13.8 of this SOP.

In surfacewater bodiesthat aretoo deep to wade, but essthan eight feet deep, astainless steel scoop
or spoon attached to a piece of conduit can be used either from the banksif the surface water body isnarrow
or fromaboat. Again, care should be taken to minimize the loss of the fine particle sizes. The sediment is
placed into a glass pan and mixed according to Section 5.13.8 of this SOP.
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If the surface water body has a significant flow and istoo deep to wade, aBMH-60 sampler (scoop)
may be used. The BMH-60isnot particularly efficientin mud or other soft substrates becauseitsweight will
cause penetration to deeper sediments, thus missing the most recently deposited material at the sediment
water interface. Itisalso difficult to release secured samplesin an undisturbed fashion that would readily
permit subsampling. The BMH-60 may beused provided that cautionisexercised by only taking subsamples
that have not been in contact with the metal walls of the sampler.

11.2.2 Dredges

For routine analyses, the Peterson dredge can be used when the bottom isrocky, in very deep water,
or when the stream velocity is high. The dredge should be lowered very slowly as it approaches bottom,
since it can displace and miss fine particle size sediment if allowed to drop freely.

The Eckman dredge has only limited usefulness. It performs well where the bottom material is
unusually soft, aswhen covered with organic sludgeor light mud. Itisunsuitable, however, for sandy, rocky,
and hard bottomsand istoo light for usein streamswith high velocities. It should not be used from abridge
that ismore than afew feet above the water, because the spring mechani sm which activates the sampler can
be damaged by the messenger if dropped from too great a height.

The Ponar dredge is a modification of the Peterson dredge and is similar in size and weight. It has
been maodified by the addition of side plates and a screen on the top of the sample compartment. The screen
over the sample compartment permits water to pass through the sampler as it descends thus reducing
turbulence around the dredge. The Ponar dredgeis easily operated by one person in the same fashion asthe
Peterson dredge. The Ponar dredge is one of the most effective samplers for general use on all types of
substrates.

The"mini" Ponar dredge isasmaller, much lighter version of the Ponar dredge. It isused to collect
smaller sample volumes when working in industrial tanks, lagoons, ponds, and shallow water bodies. Itis
agood device use when collecting sludge and sediment containing hazardous constituents because the size
of the dredge makes it more amenable to field cleaning.

11.2.3 Coring

Core samplers are used to sample vertical columns of sediment. They are particularly useful when
a historical picture of sediment deposition is desired since they preserve the sequential layering of the
deposit, and whenit isdesirableto minimizethelossof material at the sediment-water interface. Many types
of coring devices have been developed depending on the depth of water from which the sample is to be
obtained, the nature of the bottom material, and the length of coreto be collected. They vary from hand push
tubesto electronic vibrational core tube drivers.

Coringdevicesareparticularly useful in pollutant monitoring because turbulence created by descent
through the water is minimal, thus the fines of the sediment-water interface are only minimally disturbed;
the sample is withdrawn intact permitting the removal of only those layers of interest; core liners
manufactured of glass or Teflon® can be purchased, thus reducing possible sample contamination; and the
samples are easily delivered to the lab for analysisin the tube in which they were collected.

Thedisadvantage of coring devicesisthat arelatively small surface areaand sample sizeisobtained
often necessitating repetitive sampling in order to obtain the required amount of material for analysis.
Because it is believed that this disadvantage is offset by the advantages, coring devices are recommended
in sampling sediments for trace organic compounds or metal s analyses.
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In shallow, wadeablewaters, the direct use of acoreliner or tube manufactured of Teflon®, plastic,
or glass is recommended for the collection of sediment samples. (Plastic tubes are principally used for
collection of samplesfor physical parameters such as particle sizeanalysis). Their use can also be extended
to deep waters when SCUBA diving equipment is utilized. Teflon® or plastic are preferred to glass since
they are unbreakable which reduces the possibility of sample loss. Stainless steel push tubes are also
acceptable and provide a better cutting edge and higher strength than Teflon®. Theuse of glassor Teflon®
tubes eliminates any possible metal s contamination from core barrels, cutting heads, and retainers. Thetube
should be approximately 12 inchesin length if only recently deposited sediments (8 inches or less) areto be
sampled. Longer tubes should be used when the depth of the substrate exceeds 8 inches. Soft or semi--
consolidated sediments such as mud and clays have agreater adherenceto theinside of thetube and thuscan
besampled with larger diameter tubes. Because coarse or unconsolidated sedimentssuch assandsand gravel
tend to fall out of the tube, a small diameter is required for them. A tube about two inchesin diameter is
usually the best size. Thewall thickness of the tube should be about 1/3 inch for Teflon®, plastic, or glass.
Theinside wall may befiled down at the bottom of the tube to provide a cutting edge and facilitate entry of
the liner into the substrate.

Caution should be exercised not to disturb the bottom sediments when the sample is obtained by
wading in shallow water. The core tube is pushed into the substrate until four inches or less of the tubeis
above the sediment-water interface. When sampling hard or coarse substrates, a gentle rotation of the tube
whileitisbeing pushed will facilitate greater penetration and decrease core compaction. Thetop of thetube
isthen capped to provide a suction and reduce the chance of losing the sample. A Teflon® plug or a sheet
of Teflon® heldin placeby arubber stopper or cork may beused. After capping, thetubeisslowly extracted
with the suction and adherence of the sediment keeping the sample in the tube. Before pulling the bottom
part of the core above the water surface, it too should be capped.

In deeper, non-wadeable water bodies, sediment cores may be collected from a bridge or a boat
using different coring devices such as Ogeechee Sand Pounders®, gravity coresand vibrating coring devices.
All three devices utilize a core barrel with a core liner tube system. The core liners can be removed from
the core barrel and replaced with aclean coreliners, as needed, after each sample. Linersare made of either
stainless steel, Teflon or plastic. The type of core liner, and its composition, to collect sediment cores
should be based on the contaminantsto be evaluated.

Ogeechee Sand Pounders® and gravity Cores are hand held devicesthat use astandard size 2" core
barrel. The core tube and liner are interchangeable between the two units. The Ogeechee® uses a slide
hammer mechanism attached to the core head that alows the sampler to pound the core tube into the
sediment. The Ogeechee® isgood for sandy more consolidated sediments. Thegravity coreusesaguiding
fin mechanismwith abuilt in gravity type check valve. Thegravity coreisplacedinthewater and released
at the surface to free fall to the bottom. The fin mechanism keeps the core tube upright and free from
spinning in the water column as it descends. The core tube stabs the bottom forcing the sediment into the
tube. Both coring devices are equipped with removable nose pieces on the core barrel and disposable core
catchers for the liner tubes. The core catchers are designed to cap the liner tube to avoid loss of the core
when retrieved from the bottom. The gravity core can be modified to attach a slide hammer mechanism,
similar to the Ogeechee®, to further pound the core into the sediment further if deemed necessary.

Sediment cores collected from most hand operated coring devices can suffer from either spreading
or compaction when driven into the sediment, depending on the softness of the sediment. Spreading occurs
swhen the sediment is pushed or moved to the side during the advancement of the core tube. Compaction
iswhen the sediment is being pushed downward asthe core tuneis advanced. Both phenomenon can effect
the physical integrity of core sample. For instance, the core tube may be advanced through the sediment to
adepth of 36 inches, but upon examination of the recovered core there is only 24 inches of sediment in the
core tube.
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Vibratory Core Tube Drivers (Vibracore®) facilitates sampling of soft or loosely sedimented
saturated soil depositswith minimal compaction or spreading using lined or unlined coretubes. Itisdesigned
for use with core tubes having nominal diameters ranging from 2" to 4 OD. The Vibracore® uses an
€lectric motor to create vibration ranges from approximately 6,000 RPM to 8,000 RPM (100 Hz to 133 Hz)
depending on the resistance afforded by the soil; the greater the resistance, the higher the frequency. The
actual vibrational displacement of the Vibracore® is on the order of afew tens of thousandths of an inch,
so essentially no mixing of the sediment within the tube occurs. The vibrational energy tends to re-orient
the soil particlesat thelower end of the core tube, causing them to move out of theway of the advancing wall
of the core tube and into a more efficient (i.e. denser) packing. This action advances the core tube with
minimal compaction of the sediment.

When extensive core sampling is required, such as a cross-sectional examination of a streambed
(with an objective of profiling both the physical and chemical contents of the sediment), awhole core must
be collected. A strong coring tube such as one made from aluminum, steel or stainless steel is needed to
penetrate the sediment and underlying clay or sands. A coring device can be used to collect an intact
sediment core from water bodies that have soft bottoms which allows several inches of penetration. Itis
recommended that the corer have a check valve built into the driving head which allows water and air to
escape from the cutting core, thus creating a partial vacuum which helps to hold the sediment core in the
tube. The corer isattached to astandard auger extension and handle, allowing it to be corkscrewed into the
sediment from a boat or while wading. The coring tube is easily detached and the intact sediment coreis
removed with an extraction device.

Beforeextracting the sediment fromthe coring tubes, the clear supernatant abovethe sediment-water
interfacein the core should be decanted from thetube. Thisisaccomplished by simply turning the coretube
toitsside, and gently pouring the liquid out until fine sediment particles appear in thewasteliquid. Theloss
of some of the fine sediments usually occurs with this technique.

11.3  Special Considerationsfor Collection of Samplesfor Volatile Organic Compounds

Samples collected for volatile organic compound analyses must be collected prior to any sample
homogenization, as described in Section 5.13.8. Regardless of the method used for collection, the aliquot
for volatile organic compound analyses must be collected directly from the sampling device, to the extent
practical, using equipment and methods described in Section 12.4. The aliquot should be collected directly
from the device, such as a hand auger bucket or scoop, if possible. If adevice such asadredge is used, the
aliquot should be collected after the sample is placed in the mixing container prior to mixing.

In some cases, the sediment may be soft and not lend itself to collection by plunging Encore or
syringe samplersinto the sample matrix. Inthese cases, it isappropriate to open the sampledevice, i.e., the
Encorebarrel or syringe, prior to sample collection, and to carefully place the sediment in the device, filling
it fully with the required volume of sample.
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SECTION 12
SOIL SAMPLING

PERFORMANCE OBJECTIVES:
To collect a soil sample that is representative of conditions as they exist at the site:
» By sdlecting the appropriate sampling device(s);

» By taking measures to avoid introducing contamination as a result of poor sampling
and/or handling technique;

» By reducing the potential of cross contamination between samples.

12.1  Introduction

Prior to conducting asoil sampling investigation, asampling strategy should be devel oped based on
the obj ectives of theinvestigation (Section 5.5 of this SOP containsadiscussion of soil sampling strategies).
After devel oping asoil sampling strategy, the appropriate equi pment and techniques must be used to conduct
the investigation. This section discusses the various soil sample collection methods, sample handling, and
available sampling equipment which has been shown to be technically appropriate.

12.2  Equipment

Selection of equipment is usually based on the depth of the samples to be collected, but it is also
controlled to a certain extent by the characteristics of the soil. Manual techniques and equipment such as
hand augers are usually used for collecting surface or shallow, subsurface soil samples. Power operated
equipment isusually associated with deep sampling but can also be used for shallow sampling when the bore
hole begins to collapse or when the soil is so tight that manual sampling is not practical.

12.2.1 Precautions for Trace Contaminant Soil Sampling

All soil sampling equipment used for sampling trace contaminants should be constructed of inert
materials such as stainless steel where possible. Pans used for mixing should be made of Pyrex® (or
equivalent) glass. In no case will chromium, cadmium, galvanized, or plated equipment be used for soil
sampling when trace levels of inorganic contaminants are of concern. Similarly, no painted or plastic
equipment may be used where trace levels of organic contaminants are of concern. Paint, scaly or heavy
rust and grease must be removed before use, most often by sandbl asting the equi pment. Ancillary equipment
such as auger flights may be constructed of other materials since this equipment does not come in direct
contact with the samples. The procedures outlined in Section 5.13.7 should be followed.

The procedures outlined in Section 5.13.7 should be followed.
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12.3  Sampling Methodology

Thisdiscussion of soil sampling methods reflects both the equipment used to collect the sample as
well as how the sampleishandled and processed after retrieval. Selection of equipment isusually based on
the depth of sampling, but it is also controlled, to a certain extent, by the characteristics of the material.
Simple, manual techniques and equipment, such as hand augers, are usually selected for surface or shallow,
subsurface soil sampling. Asthe depth of the sampling interval increases, some type of powered sampling
equipment is usually needed to overcome the friction induced by soil resistance and depth. The following
isan overview of the various sample collection methods employed over three general depth classifications:
surface, shallow subsurface, and deep subsurface. Any of thedeep collection methods described may be used
to collect samples from the shallower intervals.

12.3.1 Manua Callection Technigques and Equipment

These methods are used primarily to collect surface and shallow subsurface soil samples. Surface
soilsare generaly classified as soils between the ground surface and 6 to 12 inches below ground surface.
The shallow subsurface interval may be considered to extend from approximately 12 inches below ground
surface to a site-specific depth at which sample collection using manua methods becomes impractical.

Surface Soils

Surface soils may be collected with a wide variety of equipment, if constructed of appropriate
materials. Spoons or hand-augers are typically used to collect surface soil samples.

If athick, matted root zone is encountered at or near the surface, it should be removed before the
sampleis collected. The collected soil is placed in apan, thoroughly mixed, (Section 5.13.8), and placed in
the appropriate sample container(s). Section 12.4 contains specific procedures for collecting and handling
soil samples for volatile organic compounds analysis.

Shallow Subsurface Soils

Hand augersarethe most common equi pment used to collect shall ow subsurfacesamples. Typically,
4-inch auger-buckets with cutting heads are pushed and twisted into the ground, then removed asthe buckets
arefilled. The auger holes are advanced one bucket at atime. The practical depth of investigation using a
hand-auger depends upon the soil properties. In sand, augering is usualy easily performed, but the depth
of collectionislimited to the depth at which the sand beginsto flow. At thisdepth, the bore holewill usually
collapse and cannot be advanced. Deeper sampling must be accomplished using power equipment. Hand-
augering may also be of limited use in tight clays or cemented sands. Regardless of the soil type, at depths
approaching 20 feet sidewall friction may become so severe that power equipment must be used.

Power augers such as the Little Beaver® may be used to advance the borehole where hand augers
are impractical. Power augers are a sampling aid, not a sampling device, and can be used to advance a
borehole to approximately 20 feet, depending upon soil conditions.

If power augers are used to advance the borehole, care must be taken that exhaust fumes, gasoline,
and\or oil do not contaminate the borehole. The soil samplemay then be collected using ahand auger. After
the sample has been collected, the borehole may again be advanced (if necessary), and additional samples
collected. Theauger bucket must berepl aced between sampleswith aproperly decontaminated auger bucket.
When a new borehole is advanced, the entire hand auger assembly must be replaced with a properly
decontaminated hand auger assembly.
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If the borehole is advanced using a hand auger, upon reaching the desired sampling depth replace
the bucket with aproperly decontaminated bucket. The sample may then be collected. After the sample has
been collected, the borehole may be advanced (if necessary) with the bucket that was used to collect the
sample. Each sample must be collected using a properly decontaminated bucket.

Beforethe soil isplaced in apan, itisnecessary to removethetop several inches of soil to minimize
the possibility of cross-contamination of the sample from fall-in of material from the upper portions of the
hole. Oncethesoil isplacedinapan, it isthoroughly mixed, (Section 5.13.8), and placed in the appropriate
sample container(s). Section 12.4 contains specific procedures for collecting and handling soil samplesfor
volatile organic compounds analysis.

12.3.2 Powered Equipment

Powered equipment may be used to acquire soil samples from any depth (surface, shallow
subsurface, and deep subsurface). When power equipment is used to advance the borehole and collect the
sample, care must be taken that exhaust fumes, gasoline, and\or oil do not contaminate the borehole and the
sample. Among the common types of powered equipment used to collect subsurface soil samples are split-
spoon samplersdrivenwith adrill rig drive-weight assembly or pushed using drill rig hydraulics; continuous
split-spoon samplers; direct-push rigs; and back-hoes. The use of each of theseis described below.

Drill Rigs

Drill rigs offer the capability of collecting soil samples from greater depths. For al practical
purposes, the depth of investigation achievable by this method is controlled only by the depth of soil
overlying bedrock, which may be in excess of 100 feet.

Split-spoon samplers are usually driven either inside ahollow-stem auger or an open borehol e after
the auger(s) have been temporarily removed. The spoon is driven with a 140-pound hammer through a
distance of up to 24 inches and removed.

Continuous split-spoon samplers may be used to obtain five-foot long, continuous samples
approximately 3to 5inchesin diameter. These devices are placed inside afive-foot section of hollow-stem
auger and advanced with theauger during drilling. Asthe auger advances, the central core of soil movesinto
the sampler and is retained.

Beforethe soil isplaced inapan, itisnecessary to removethetop several inches of soil to minimize
the possibility of cross-contamination of the sample from fall-in of material from the upper portions of the
hole. Oncethesoil isplacedinapan, it isthoroughly mixed, (Section 5.13.8), and placed in the appropriate
sample container(s). Section 12.4 contains specific proceduresfor collecting and handling soil samplesfor
volatile organic compounds analysis.

Direct Push Rigs

This method uses a standard split-spoon modified with alocking tip which keeps the spoon closed
during the sampling push. Upon arrival at the desired depth, the tip is remotely released and the push
continued. During the push, the released tip moves freely inside of the spoon as the soil core displacesiit.
Thistechniqueisparticularly beneficial at highly contaminated sites, because no cuttings are produced. The
pushrodsaregenerally retrieved with very little residueresulting in minimal exposureto sampling personnel
and reduced IDW.
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Beforethe soil isplaced inapan, itisnecessary to removethetop several inches of soil to minimize
the possibility of cross-contamination of the sample from fall-in of material from the upper portions of the
hole. Oncethesoil isplaced inapan, it isthoroughly mixed, (Section 5.13.8), and placed in the appropriate
sample container(s). Section 12.4 contains specific proceduresfor collecting and handling soil samplesfor
volatile organic compounds analysis.

Geoprobe® Large Bore Soil Sampler

Geoprobe® offers several toolsfor soil sample collection. Among these are the Macro-Core® Soil
Sampler and the large bore and dual tube soil sampling systems. The Environmental Investigations Branch
utilizes the large bore soil sampling system for collection of surface and subsurface soil samples. The
selection of this system does not preclude the use of the other systems at a future time.

The Large Bore sampler is a solid barrel, piston sealed, direct push device for collecting discrete
interval samples of unconsolidated materials at depth. The sampler is approximately 30-inches (762 mm)
long and has a 1.5-inch (38 mm) outside diameter. The Large Bore sampler is capable of recovering a
discrete sample core 22 inches x 1.0 inches (559 mm x 25 mm) contained inside aremovableliner. Sample
volume measures up to 283 ml. The liner is a 24-inch long by 1.15-inch OD (610 mm x 29 mm)
removabl e/replaceabl ethin-walled tubethat fitsinsidethe Large Bore sampletube. Linersfacilitateretrieval
of the sample and may be used for storage, when applicable. The Large Bore soil sampler is pushed with
1.25-inch diameter probe rod.

Thefollowing is a step-by-step description of the components and procedures used to collect a soil
sample with the Large Bore sampler.

Assembly of Large Bore Sampler

1. Select aliner tube and push on to cutting shoe (one end of liner should be dlightly flared, push
this end on to shoe).

N

. Insert end of tube opposite cutting shoe into sample tube and screw cutting shoe firmly into
sample tube.

w

. Thread piston tip onto piston rod then run piston assembly through the end of the sample tube
opposite the cutting shoe, seating the piston tip in the cutting shoe. There should be a short
section of exposed piston rod sticking out of sample tube.

4. Place drive head over exposed end of piston rod and thread into end of sample tube.
5. Install piston stop-pinintop of drive head. Thisretainsthe piston rod assembly during the push.
6. The Large Bore sampler is now fully assembled and ready for sample collection.
Sample Collection Using Large Bore Sampler
1. Attach assembled Large Bore sampler to end of probe rod.

2. Attach drive cap to probe rod and push rod into ground.

3. Add additional rods to push Large Bore sampler to target sampling depth.
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. At the desired target sampling depth, remove the drive cap to access inside of probe rod.

5. Couple extension rods and extension rod handle together and insert into probe rod. Using
handle, turn the extension rods inside probe rod. This should engage the piston-stop pin and
remove it from the drive head attached to the top of the sample tube. Retrieve extension rods
and attached piston-stop pin.

6. Add addition proberod, if required, reattach drive cap to top of probe rod and push probe rod
and Large Bore sampler 24 inchesto fill sampler.

~

. Attach pull cap and retrieve tool string.
8. When retrieved, remove the piston rod, with piston tip, and the drive head.

9. Using the Large Bore wrench, unscrew the cutting shoe from the down-hole end of the sample
tube.

10. Remove the cutting shoe and attached liner and sample from sample tube.

11. Sample hasnow been collected and iscontained intheliner. Atthistime, it can be sub-sampled,
per analytical requirements.

Specia Considerations for Large Bore Soil Sampling

Liner Use and Material Selection

Due to the mode of operation, the Large Bore soil sampler must be used with aliner. Liners are
available in the following materials: stainless steel, brass, cellulose acetate butyrate (CAB) and Teflon®.
For the mgjority of environmental investigations conducted by EIB, either CAB or Teflon® liners are used.
If samples are collected for organic compound analyses, Teflon® liners are required. CAB liners may be
used if metals or other inorganic constituents are the object of the investigation.

Sample Orientation

Whenthelinersand associated sampleareremoved fromthe sampletubes, itisimportant to maintain
the proper orientation of the sample. This is particularly important when multiple sample depths are
collected from the same push. It is aso important to maintain proper orientation to define precisely what
depth an aliquot was collected from. Maintaining proper orientation is typically accomplished using vinyl
end caps. Convention isto place red caps on the top of liner and black caps on the bottom to maintain the
proper sample orientation. Orientation can also be indicated by marking on the exterior of the liner with a
permanent marker.

Back-Hoes

Back-hoes may be utilized in the collection of shallow subsurface soil samples. Samples may be
collected directly from the bucket, or the trench wall (subject to applicable safety procedures).

The bucket must be free of rust, grease, and paint. Only soil which has not been in contact with the
bucket may be sampled, unless the bucket is cleaned according to the procedures described in Appendix B
of this SOP.
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Trenches offer the capability of collecting samples from very specific intervals and alow visual
correlation with vertically and horizontally adjacent material. The sample should be collected without
entering thetrench itself, if possible. To collect the sample without entering the trench, use a stainless steel
scoop attached to rigid electrical conduit with a scoop bracket to “dress’ (remove surface layer of soil
smeared on the trench wall as the bucket passed) the wall of the trench. Replace the scoop with a
decontaminated scoop. Collect the soil.

The collected soil is placed in a pan, thoroughly mixed, (Section 5.13.8), and placed in the
appropriate sample container(s). Section 12.4 contains specific procedures for collecting and handling soil
samples for volatile organic compounds analysis

12.4  Soil/Sediment Sampling (M ethod 5035)

The following sampling protocol is recommended for site investigators assessing the extent of
volatile organic compounds (VOCs) in soils and sediments at a project site. Because of the large number
of options available, careful coordination between field and laboratory personnel is needed. The specific
sampling contai nersand sampling tool srequired will depend upon the detection level sand intended datause.
Oncethisinformation hasbeen established, sel ection of the appropriate sampling procedureand preservation
method best applicable to the investigation can be made.

12.4.1 Equipment

Soil\sediment for VOC analyses may be retrieved using the equipment specified in Sections 11 and
12 of this SOP. Once the soil\sediment has been obtained, the EnCore™ V OC sampler, syringes, stainless
steel spatula, standard 2 0z soil VOC container, or pre-prepared 40 mL vials may be used/required for sub-
sampling collection. The specific sample containers and the sampling tools required will depend upon the
dataquality objectivesestablished for the site or sampling investigation. The various methods are described
below.

12.4.2 Sampling Methodology - Low Concentrations

When total VOC concentrations in the soil/sediment are expected to be less than 200 n.g/kg, the
samples may be collected directly with the EnCore™ sampler or syringe. If using the syringes, the sample
must be placed in the sampl e container (40 ml pre-prepared vial) immediately to reduce vol atilization | osses.
The 40 ml vials should contain 10 ml of organic free water for an un-preserved sample or approximately 10
ml of organic freewater and apreservative. Itisrecommended that the 40 ml vials be prepared and weighed
by thelaboratory (commercial sourcesareavailablewhich supply preserved andtared vials). When sampling
directly with the EnCore™ sampler, the vial must be immediately capped.

A soil/sediment sample for VOC analysis may also be collected with conventional sampling
equipment (as described in Sections 11 and 12 of this SOP). A sample collected in this fashion must either
beplaced inthefinal samplecontainer (EnCore™ or 40 ml pre-prepared vial) immediately or the sample may
be immediately placed into an intermediate sample container with no head space. If an intermediate
container (usually 2 oz. soil jar) is used, the sample must be transferred to the final sample container
(EnCore™ or 40 ml pre-prepared vial) as soon as possible not to exceed 30 minutes.
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NOTE: After collection of the sampleinto either the EnCore™ Sampler or other container, the sample must
immediately be stored in an ice chest and cooled.

Soil\sediment samples may be prepared for shipping and analysis as follows:
EnCore™ Sampler - the sample may simply be capped, locked and secured in aplastic bag.

Syringe - Add about 3.7 cc (approximately 5 grams) of sample material to 40 ml pre-prepared
containers. Secure the containersin a plastic bag. Do not use a custody seals on the container,
place the custody seal on the plastic bag. Note: When using the syringes, it isimportant that no air
is alowed to become trapped behind the sample prior to extrusion, asthiswill adversely affect the
sample.

Sainless Seel Laboratory Spatulas - Add between 4.5 and 5.5 grams (approximate) of sample
material to 40 ml containers. Secure the containersin aplastic bag. Do not use a custody seal on
the container, place the custody seal on the plastic bag.

12.4.3 Sampling Methodology - High Concentrations

Based upon the data quality objectives and the detection level requirements, this high level method
may also be used. Specifically, the sample may be packed into a single 2-0z. glass container with a screw
cap and septum seal. The sample container must be filled quickly and completely to eliminate head space.
Soils\sediments containing high total VOC concentrations may also be collected as described in Section
12.4.2, and preserved using 10 ml methanol.

12.4.4 Waste Samples

Collect an un-preserved sample into a single 2 — 0z glass container. Handle waste samples in
accordance with Section 14 of this SOP.

12.4.5 Special Techniques and Considerations
Effervescence

If low concentration samples effervesce from contact with the acid preservative, (see Sec. 12.4.2)
then either a test for effervescence must be performed prior to sampling, or the investigators must be
prepared to collect each sample both preserved or un-preserved as needed, or all samples must be collected
un-preserved.

To check for effervescence, collect atest sample and add to a pre-preserved vial. If preservation
(acidification) of the sample results in effervescence (rapid formation of bubbles) then preservation by
acidification is not acceptable, and the sample must be collected un-preserved.

If effervescence occursand only pre-preserved samplevials are available, the preservative solution
may placed into an appropriate hazardous waste container and the vialstriplerinsed with organic freewater.
An appropriate amount of organic free water, equal to the amount of preservative solution, should be placed
intothevial. Thesample may then be collected as an un-preserved sample. Notethat the amount of organic
free water placed into the vials will have to be accurately measured.
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Sample Size

While this method is an improvement over earlier ones, field investigators must be aware of an
inherent limitation. Because of the extremely small sample size, sampl e representativenessfor VOC' s may
be reduced compared to sampleswith larger volumes collected for other constituents. The sampling design
and objectives of the investigation should take thisinto consideration.

Holding Times

Sample holding times are specified in Appendix A. Fieldinvestigators should note that the holding
time for an un-preserved V OC soil/sediment sample is 48 hours. Arrangements should be made to ship the
soil/sediment VOC samples to the laboratory by overnight delivery the day they are collected so the
laboratory may preserve and\or analyze the sample within 48 hours of collection.

Percent Moisture

Samplersmust ensurethat thelaboratory has sufficient material to determine percent moistureinthe
V OC soil/sediment sampleto correct the analytical resultsto dry weight. If other analysesrequiring percent
moisture determination are being performed upon the sample, these results may be used. If not, a separate
sample (minimum of 2 0z.) for percent moisture determination will be required.

Safety

Methanol is atoxic and flammable liquid. Therefore, methanol must be handled with all required
safety precautions related to toxic and flammable liquids. Inhalation of methanol vapors must be avoided.
Vials should be opened and closed quickly during the sample preservation procedure. Methanol must be
handled in aventilated area. Use protective gloveswhen handling the methanol vials. Store methanol away
from sources of ignition such as extreme heat or open flames. The vials of methanol should be stored in a
cooler with ice at all times.

Shippin

Methanol and sodium bisulfate are considered dangerous goods, therefore shipment of samples
preserved with these materialsby common carrier isregulated by the U.S. Department of Transportation and
the International Air Transport Association (IATA). Therulesof shipment found in Title 49 of the Code of
Federal Regulations (49 CFR parts 171 to 179) and the current edition of the IATA Dangerous Goods
Regulations must be followed when shipping methanol and sodium bisulfate. Consult the above documents
or the carrier for additional information. Shipment of the quantities of methanol and sodium bisulfate used
for sample preservation falls under the exemption for small quantities. A summary of the requirements for
shipping samples follows. Refer to the code for a complete review of the requirements.

1. The maximum volume of methanol or sodium bisulfate in a sample container is limited to
thirty30) mls.

2. The sample container must not be full of methanol.
3. The sample container must be stored upright and have the lid held securely in place. Note that
the mechanism used to hold the cap in place must be able to be completely removed so weight

is not added to the sample container, as specified in Method 5035.

4. Sample containers must be packed in a sorbent material capable of absorbing spills from leaks
or breakage of the sample containers.
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5. The maximum sample shuttle weight must not exceed 64 pounds.
6. The maximum volume of methanol or sodium bisulfate per shipping container is 500 mis.

7. The shipper must mark the sample shuttle in accordance with shipping dangerous goods in
acceptable quantities.

8. The package must not be opened or atered until no longer in commerce.
12.4.6 Summary

Thefollowing summary table lists the options available for compliance with SW846 Method 5035.
The advantages and disadvantages are noted for each option. SESD’s goal is to minimize the use of

hazardous material (methanol and sodium bisulfate) and minimizethe generation of hazardouswaste during
sample collection.

OPTION PROCEDURE ADVANTAGES DISADVANTAGES

1 Collect 2 - 40 mL vialswith ~5 Screening conducted by Presently a 48 hour
grams of sampleand 1 - 2 oz., lab holding time for
glass w/septum lid for screening unpreserved samples
and % moisture

2 Collect 3 Encore™; and 1- 2 0z., | Lab conductsall Presently a 48 hour
glass w/septum lid for screening | preservation/preparation holding time for
and % moisture procedures preparation of samples

3 Collect 2 - 40 ml vialswith 5 High level VOC samples | Hazardous materials
grams of sample and preserve may be composited usedinfield

w/methanol or sodium bisulfate Longer holding time
and 1 - 2-oz., glass w/septum lid
for screening and % moisture

4 Collect 1 - 2-oz., glass w/septum | Lab conductsall _ May have significant
lid for analysis and % moisture preservation/preparation VOC loss
procedures
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SECTION 13
WASTE SAMPLING

SECTION OBJECTIVE:

» To describe equipment and procedures that can safely be used to collect waste samples.

13.1 Introduction

Hazardous wastes are regulated by the US EPA under 40 CFR Parts 260-265. As a consequence,
many of the methods that are used to manage, store, treat, and dispose hazardous wastes and potential
hazardous wastes are of concern to both the regulators and the regulated community.

Samples are often required of regulated or potentially regulated materials. Whileit is understood
that each facility and wastestream may present its own unique sampling and analytical challenges, this
section will list equipment and procedures that have been used to safely and successfully sample specific
waste units.

13.1.1 Safety

Sampling of waste units should, be assessed for potential hazards by both the project |leader and the
site safety officer (SSO). It is the SSOs responsihility to enforce the site safety plan, and to ensure that
procedures used during waste sampling arein accordancewith Branch safety proceduresand protocol sfound
in Section 4.

Sampling equipment contaminated during waste sampling investigations should be cleaned with
laboratory detergent and rinsed with tap water prior to returning the equipment fromthefield. Contaminated
sampling equipment that isto be discarded must be properly disposed according to Section 5.15 and should
be specified in the site-specific study plan.

13.1.2 Quality Control Procedures

In some instances, specia decontamination procedures will be necessary and should be devel oped
on a case-by-case basis according to the specific material encountered. Any cleaning procedures and
equipment repairs conducted inthefield which deviate fromthose specified in Appendix B or the study plan,
should be thoroughly documented in the logbooks.

All air monitoring and field anal ytical/screening equi pment should be checked and calibrated before
being issued for field studies, as specified in Sections 16 and 17 of this SOP.

13.1.3 Caoallection of Auxiliary Information and Data

The collection of auxiliary information and data is particularly important when collecting waste
samples. Any field analysesor field screening results shoul d be recorded in alogbook as outlined in Section
3.5. Sketchesof wasteunits, samplinglocations, containers, tanksand ancillary equi pment, markings/labels,
etc., should be fully documented in logbooks. Photographs are extremely useful for recording this
information and may be used during waste sampling operations. A fieldlog of the photographstaken should
be maintained as outlined in Section 3.2.2.
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13.2  Waste Unit Types

Waste management units can be generally categorized into two types: open and closed. In practice,
open units are larger than closed units. Open units include waste piles and surface impoundments whereas
closed unitsinclude containers and tanks aswell asancillary tank equipment. Besides containersand tanks,
sumps may also be considered closed units because they are designed to collect the spillage of liquid wastes
and are sometimes configured as a confined space.

Although both may pose hazards, unitsthat are open to the environment are generally less hazardous
than closed units. Sampling of closed units is considered a higher hazard risk because of the potential of
exposure to toxic gases and flammabl e/expl osive atmospheres. Because closed units prevent the dilution of
the wastes by environmental influences, they are more likely to contain materials that have concentrated
levels of hazardous constituents. While opening closed unitsfor sampling purposes, investigators shall use
Level B personnel protective equipment, (PPE) air monitoring instruments to ensure that the working
environment does not contain hazardous levels of flammable/explosive gasses or toxic vapors, and follow
the appropriate safety requirements stipulated in the site specific safety plan.

Buried waste materials should be located and excavated with extreme caution. Once the buried
wasteisuncovered, the appropriate saf ety and sampling proceduresutilized will depend on thetype of waste
unit.

13.2.1 Open Units

While open units may contain many types of wastes and come in avariety of shapesand sizes, they
can be generally regarded as either waste piles or surfaceimpoundments. Definitions of these two types of
open units from 40 CFR Part 260.10 are:

» Waste pile -- any non-contai nerized accumulation of solid, non-flowing hazardous waste that
is used for treatment or storage and that is not a containment building.

» Surface impoundment -- "...a facility or part of a facility which is a natural topographic
depression, man-madeexcavation, or diked areaformed primarily of earthen material s(although
it may belined with man-made materials), which isdesigned to hold the accumulation of liquid
wastes or wastes containing freeliquids, and whichisnot aninjectionwell. Examplesof surface
impoundments are holding, storage, settling and aeration pits, ponds, and lagoons.”

One of the distinguishing features between waste piles and surface impoundmentsis the state of the
waste. Waste piles typically contain solid or non-flowing materials whereas liquid wastes are usually
contained in surfaceimpoundments. The nature of the waste will also determine the mode of delivering the
wasteto the unit. Wastes are commonly pumped or gravity fed into impoundments while heavy equipment
or trucks may be used to dump wastesin piles. Once the waste has been placed in an open unit, the state of
the waste may be altered by environmental factors (e.g., temperature, precipitation, etc.).

Surface impoundments may contain several phases such as floating solids, liquid phase(s), and
sludges. Waste piles are usually restricted to solids and semi-solids. All of the potential phases contained
in awaste unit should be considered in devel oping the sample design to meet the study's objective.

13.2.2 Closed Units

There are a variety of designs, shapes, sizes, and functions of closed units. In addition to the
challenges of the various designs and the safety requirements for sampling them, closed units are difficult
to sample because they may contain liquid, solid, semi-solid/sludge, or any combination of phases. Based
on the study's design, it may be necessary to obtain a cross sectional profile of the closed unit in an attempt
to characterize the unit. The following are definitions of types of closed waste units described in 40 CFR
Part 260.10:
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» Container -- any portable device in which amaterial is stored, transported, treated, disposed, or
otherwise handled. Examples of containers are drums, overpacks, pails, totes, and roll-offs.

e Tank -- astationary device, designed to contain an accumulation of hazardous waste which is
constructed primarily of non-earthen materials which provide structural support.

Portable tanks, tank trucks, and tank cars vary in size and may range from simple to extremely
complex designs. Depending on the unit's design, it may be convenient to consider some of these
storage units as tanks for sampling purposes even though they meet the definition of a container.

» Ancillary equipment (tank) -- any device including, but not limited to, such devices as piping,
fittings, flanges, valves, and pumps that is used to distribute, meter, or control the flow of
hazardous waste from its point of generation to a storage or treatment tank(s), between
hazardous waste storage and treatment tanks to a point of disposal on-site, or to a point of
shipment for disposal off-site.

» Sump -- any pit or reservoir that meets the definition of a tank and those troughs/trenches
connected to it that serve to collect hazardous wastes.

Note: some outdoor sumps may be considered open units/surface impoundments.

Although any of the closed units may not be completely sealed and may be partially open to the
environment, the unit needsto be treated as a closed unit for sampling purposes until adetermination can be
made. Once aclosed unit is opened, areview of the proposed sampling procedures and level of protection
can be performed to determined if the (PPE) is suitable for the site conditions.

Samples collected from different waste units should not be composited into one sample container
without additional analytical and/or field screening datato determineif the material sare compatible and will
not cause an inadvertent chemical reaction.

13.3  Equipment

Sel ecting appropriate equi pment to sample wastesis a challenging task due to the uncertainty of the
physical characteristics and nature of the wastes. It may be difficult to separate, homogenize and/or
containerizeawasteduetoitsphysical characteristics (viscosity, particlesize, etc.). Inaddition, thephysical
characteristics of a waste may change with temperature, humidity, or pressure. Waste streams may vary
depending on how and when a waste was generated, how and where it was stored/disposed, and the
conditions under which it was stored/disposed. Also, the physical location of the wastes or the unit
configuration may prevent the use of conventional sampling equipment.

Given the uncertainties that a waste may present, it is desirable to select sampling equipment that
will facilitate the collection of samplesthat will meet the study's objective, and that will not unintentionally
bias the sample by excluding some of the sample population that is under consideration. However, due to
the nature of some waste matrices or the physical constraints of some waste units, it may be necessary to
collect samples knowing that a portion of the desired population was omitted due to limitations of the
equipment. Any deviations from the study plan or difficulties encountered in the field concerning sample
collection that may have an effect on the study's objective should be documented in a log book, reviewed
with the analytical data, and presented in the report.
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13.3.1 Waste Sampling Equipment

Waste sampling equi pment shoul d be made of non-reactive material sthat will neither add to nor alter
the chemical or physical properties of the material that is being sampled. Table 13.3.1 lists some
conventional equipment for sampling waste units/phases and some potential limitations of the equipment.
Another referencefor sel ecting sampling equipment isthe ASTM, Standard Guidefor Selection of Sampling
Equipment for Wastes and Contaminated Media Data Collection Activities, D 6232-98.

13.3.2 Ancilla